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2.1 INTRODUCTION

As we know that, energy is required for doing any type of work in life It is required for
cooking, heating, cooling, lighting etc.. in our homes. It is required to run our machines and
other mechanical equipment in industries. It is also required for transportation. In fact almost

all our developmental activities are directly or indirectly dependent upon the energy conserva-
tion

Energy is measured by multiplying the force applied on an object imeasured in Newton)
with the distance moved by that object imeasured in metrei. The unit of energy, therefore, is
Newton metre (N.m) called Joule (J). Its higher units are kJ, M.J, GJ

here,
kJ = kilo Joule = 1000 J = 0.948 BTU = 0.2427 kcal
MJ = Mega Joule = Million Joule = 10" J
GJ = Giga Joule = 1000 MJ = 1 MkdJ = 10" Joule
= 23.884 kg of 01l equivalent tkgoe)

= (0. 1634 barrel of crude oil equipment



2.2 CLASSIFICATION OF SOURCES OF ENERGY
2.2.1 Primary and Secondary Sources

(1) Primary energy sources are those which provide a net _FIU_PPII-' of witail A Coal. vil, ury.
nium etc’, are examples of this type. The energy required to obtain these i!.lli‘!:-'l ism u_:'h less Wi
what they can produce by combustion or nuclear reaction, Their energy vield ratio is very high
The encrgy vield ratio is the ratio of energy fed back by the material to the energy reccived from
the environment. Though these (primary fuels) contribute considerably to l]_w energy supply,
their supply is limited and hence it becomes very essential to use them sparingly.

Secongdary energy sources do not produce net energy, though, these are necessary [or the
economy. Intensive agriculiure is an example where, in terms of energy, the yield is less than
the input. These sources require higher investment in tgpms of energy.

Coal, natural gas, oil and nuclear energy using breeder rector are net energy yields and
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are primary sources of energy. Example of secondary sources are: solar energy, wind, water

ener{fy, elc. 1L may be necessary in future to develop the secondary sources like, solar, wind,
fide wave, geothermal and ocean thermal sources,

Examples of primary and secondary fuels are given in the following table.

Table 2.2: Primary and secondary fuels.

Type of fuel Promary fuel Secondary fuels
Manufactured Byv-product

Solid Wood Coke Wood refuse

coal Charcoal biogas

Briquettes Coke breese,
Pulverized coal

Liquid Petroleum Diesel Tar
Petral Piteh
Kerosene Benzol
Alcohol Paper pulp mill waste
Fuel oil
Naphtha

Gaseous Natural gas Producer gas Blast furnace gas

Water gas (‘oke oven gas
Coal gas Oil refinery gas
il gas Sewage gas.
Gobar gas
Butane
Propane
Acetylene
Hydrogen
LPG e




2 2.2 Commercial and Non-commercial Sources

The commercial sources include fossil fuel (coal, oil and natural gas!
and nuelear power, while the non-commercial sources include wood, anima
tural wastes, In developed countries, most of the energy requirements are me
cral sources, while in developing countries the use of commercial and non-comm
is almost equal. World's energy supply comes mainly from fossil fuels. The dependent
oping countries on non-commercial sources is likely to continue till it is replaced hy oth

, hydro electric power
| waste and agricul-
{ from commer-
preial sources
¢ of devel-
er alter-

native sources of energy.

2.2.3 Major and Minor Sources of Energy

Muajor sources of energy are:

(i) Fossil fuel i.e., solid fuels (mainly coul including anthracite, bituminous, birown coals,
lignits and peats), liquid and gaseous fuels including petroleum and s derivatives,
and natural gas.

(if) Water power Le., energy stored in water

({it) Energy of nuclear fission.

Minor sources of energy include: sun, wind, tides in the sea, geothermal, ocean thermal

electric conversion, MHD, fuel cells, thermo-ironic converters, thermo-clectric generators ele

2.2.4 Renewable and Non-renewable Sources of Energy

The renciwable energy sources are those which are perpetually available in nature (such as

ey -

heat of the sun, power of the winds, power of Tidal sca waves, thermal energy of the oceans,
hical E""—‘EEHI in th® Earth's crust ete); or are gencrated continuously in nature (such as tie
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potential energy of the stored water; and energy of the biomass such as wood, animal dung,
agricultural waste, kitchen waste and leafly materials, and organic municipal solid wastes),

The non-rencwable energy sowrces are those energy sources which have accumulated in

nature ovef a long span of time (millions of yearsTand cannot be replensishéd éven in hundreds
ol Vears. '|Iﬁem|m-{-, these are the sources which are Timite in quantty and cannot be repro-
duced. They are sure to be exhausted after some vears. These cnergy sources inelude: Tossil

uels such as coal, pelroleum an Troleum and natural gas anﬁ?;;'_{l;_ar_f uels like uranium-235.

S —

In the age of development, mainly through industrialisation, and due to urbanisation
these sources of energy are mainly used in the form of electrical energy. The electricity is the
only form of energy which is easy to produce, easy Lo transport, easy to use and easy Lo control.
Frergy T TheTorm ol eTeetricity 1& therofore used for fransmission and distribution. As clectric-
ity is the main form of energy being used, its consumption per capita is considered as the index
of living standard of people of a place or country. Electricity in bulk quantities is produced in
power plants by using various sources of energy.

Thermal power plants generate about 80% of the total eleetricity produced in the world.
Foszil fuels, viz. coal, fuel oil and natural gas are the energy source, and steam is the working
fluid, Hydraulic power plants, besides generating power, also cater for irrigation, flood control,
fisheries, afforestation, navigation, ete.



2.2.5 Classification According to use of Fuel

Depending upon the usage, fuels are classified as domestic fuel, illuminating fuel, induys.
trial fuel, rocket fuel, etc.

Domestic fuels supply heat for cooking and space heating. Illuminating fuels, eg. Kero.
sene provide light in darkness. Industrial fuels supply heat for prnccﬁsrhcﬂtmg, steam and
electricity generation, etc. Rocket fuels e.g., hydrazine are used for producing enormous thrust
for the propulsion of rocket.

2.2.6 Chemical fuels and nuclear fuels

As per this classification, the fuels which generate heat by combustion are called ‘chemi-

cal fuels’ and the fuels which generate heat by nuclear fission or fusion are known ‘nuclear
fuels’.

Nuclear fuels are of two types: (i) fossil fuel, which release heat by its fission by nceutron
bombardment e.g., uranium-233, uranium-235, plutonium-239. (zi) There are some nuclear [u-
els e.g. thorium-232 and uranium-238 which cannot be fissioned directly, but they can be con-

verted into fissile material e.g., uranium-233 and plutonium-239 respectively. Such nuclear
fucls are called fertile fuels.



1.2 CLASSIFICATION OF POWER PLANTS

As we know that a

. power plant is an assembly of equipment that produces and delivers
mechanical and electrie

al energy. Power plant may be classified as under:
L. On the basis of service rendered:
(t} Stationary (it) Mobile,

2. On the basis of source of encrgy
(i) Steam power plants:
la) condensing
(5) non-condensing.

(i) Diesel power plants (ifi) Hydro-eleetric power plants
tiv) Nuelear power plants Lir) Gas lurbine power plants
(i) Tidal power plants (vif) Solar power plants

twiit) Wind power plants (ix) Geo-thermal power plants

(x) MIID power plants.
4. On the basis of loeation:

il Central power station (ir) lsolated power station,
4. On the basis of nature of load:
(t} Peak load plant (ir) 3ase load plant

iz} Stand-by plant

5. On the basis of conventional or non-conventional sources:
(f} Conventional sources
(a) Thermal power plants (Steam, Diesel, and Gas)
(b} Ilydro power plants
(e} Nuclear power plants
(i) Non-conventional sources

() Tidal th) Solar
(e) Wind () Geo-thermal
(e) M.L1.D.

6. On the basis ol Renewable or Non-renewable energy resources
(1) Renewable energy resources

(er) Hydro (b) Solar

(c) Wind () Tidal

(e} Ocean thermal (N Geothermal
(ii) Non-Renewable energy resources

(a) Coal (b) Oil

(e) Gas () Nuelear

Steam Power Plants use solid fuel, i.e,, coal in pulverised form in burners or furnace oil



Steam Power Plants use solid fuel, i.e., coal in pulverised form in burners or furnaee of
ol burners, Steam s produced in Lthe boiler and 15 expanded in steam turbines which s
q;::uph'-d o elecine generators, generaling electneity. The pl:mr. may contmn several giher

mountings., accessories and heat reclaiming devices such as economisers, air preheaters, foesd
water heaters ete.

Hydro-electric Power Plants have water stored behind a dam at an elevation The
potentiid energy of water is converted to mechanical energy allowing the '-'-'ilit:-"_l-ﬂ Nlow through
water turbines. Generators are coupled with water turbines to generate electric power

Diesel Power Plants use diesel engines as the prime movers to drive the electric gen.
erators for producing electric power. The main equipments of these plants are diesel engines,

engine starting and engine super-charging equipment, oil handling, cil cooling system and
water cooling system,

Gas Turbine Power Plants use gas turbine as prime mover, where working medium is
a gas. The air compressed in a compressor is then supplied in combustion chamber, where hot
gas are generated, which are expanded in gas turbine to produce mechanical power Gas tur-
bine is connected to alternator to generate electric power. The main equipment in these power
plants are: gas turbine, the starting device, fuel control system, compressor, reheater, regen-
eritor, ol cooler ete. The heat from the gas turbine exhaust may be used for providing the heat
for generating steam in a waste heat boiler.

Nuclear Power Plants employ nuclear reactor for generation of heat energy. These power
plants are similar to steam power plants, in which boiler is replaced by nuclear reactor.

Solar Energy comes to the earth from the sun. Solar energy is converted to electricit y by
photovoltaic solar cells.

Wind energy may be used in remote areas where laying of transmission lines may be
expensive. The wind energy is converted into electrical energy by the use of wind turbines.
This is used in places where wind velocity is considerably high.

Geothermal energy. Approximately 94% of the earth is in molten state, and only the
thin outer shell is a solidified rock ranging in thickness from 75 to

_ | 150 km. The temperature at
the centre of the earth is around 3000°C, while temperature at the juncture between the magma

body and the crust approaches 1200°C. Geothermal energy is the energy which lies embedded
within the earth. The fact that voleanic action take place in many places on the earth supports
these theories. The steam and hot water comes naturally to the surface of the earth in some
locations of the earth. For large scale use bore holes are normally sunk with depths upto 1000
M, releasing steam and water at temperature upto 200 or 300°C, and pressures upto 30 kg f
em?. The steam coming out of the ground is used to generate electricity,

Magneto-hydro-dynamic (MHD) power generation, Faraday's law of electromagnetic
induction states that when a conductor and magnetic field move relative to each other,
electric voltage is induced in the conductor. The conductor may be a solid, liquid or gas. In a7
MHLD generator, the hol ionised gas replaces the copper windings of an alternator. The be!
partially ionised and compressed gas is expanded in a duct, and forced through a strong m&€
netic field, electrical potential is generated in the gas. Electrodes placed on the side of the dudt

pick up potential generated in the gas. In this manner, direct current is obtained which ca?
converted to AC with the help of an inverter,



Tidal power. The tides in the sea and oceans of earth are the result of the universal
gravitational forces of sun and moon on the earth. This results a periodic rise and fall in levels
of sea water, which is in rhythm with the daily cycle of rising and setting of sun and moon. Ina
period of 24 hrs and 50 min, there are two high tides and two low tides. The water at the time
of high tide is at a high level and can be let into a basin for storing there at a high level. This
water is then allowed to come back into the sea during the low tide through the turbine, thus
producing the power. The difference of head between high level in the basin and low level in the
sea is utilised for running the turbine. In India following three sites for possible generation of
power through tides have been selected. These are:

(£) Gulf of Cambay,
(it) Gulf of Kutch, and
(¢ii) Sunderban area in the West Bengal.

Ocean Thermal Energy Conversion (OTEC). This is an indirect method of utilizing
solar energy. A large amount of solar energy is collected and stored in tropical oceans. The
surface of water acts as the collector of solar heat, while the upper layer of the sea constitutes
infinite heat storage reservoir. Thus the heat contained in the oceans could be converted into
electricity by utilizing the fact that temperature difference between the warm surface waters of
the tropical oceans and the colder water in the depths is 20-25 K. The surface water which is at
higher temperature could be used to some low boiling organic fluid, the vapours of which would
run a heat engine. The exit vapour would be condensed by pumping cold water from the deeper

regions.
OTEC systems work on a closed Rankine cycle and use low boiling organic fluids like

ammonia, propane elc. The warm surface water is used for supplying the heat input in boiler
while the cold water brought up from the depths is used for extracting the heat in the con-

denser.



1.1 IMPORTANCE OF ELECTRICAL ENERGY & POWER SECTOR DEVELOPMENT

E“"rl:ﬂ":' in .“H simplest form, g known as ability to do work The energy, when converted
into I“*l""ln""-"" 1% called power' Energy s required for domng any type of work in life. It is
!'L‘qu'm[! ﬁwﬁm,‘””“* ]"*_”““ﬂ' cooling, lighting ete. in our homes. to run our miachines and other
“wnhﬂl'tllfﬂl equipment an iIIIIIIHTrir‘H, Lo run our locomotives for transportation Sinee almost all
ﬂ“ﬂi,;w-!npnu:nlui activities are directly or mdirectly dependent upon the energy consumption,
the amount of COnswmplion nl'r-m*rm,' by a nation is usually eomsidered as an imllrrx af 12 devel-

opment

Power development is one of the key infrastructure elements for the economie growth of
0 oSy .p“w“r projects are indispensable as they are inexorably linked o the Indian
PCOTIOINY, IH‘H!III'!H their need for the welfare of the growing masses. The development of the
power sector in the country gince mdependence has been predominantly through thermal, hy-
dropower, nuclear and non-conventional souree

Since energy plays a fundamental role in the economic developroent of any country, we
have to ensure availability of energy that is affordable, reliable and secure in order to sustain
modern ways of living. Giant strides have been made in the Indian electricity sector in past five
decades. The generating capacily, which was a meagre 1362 MW at the time of independence,
has presently increased to 1,40,302 MW (as on 31 12 2007,

The annual generation has grown from about 5 billion units to about 811 billion units for
the year 2010-11. During this period of times, per capita consumption has increased from a
mere 15 Kwh to 632 Kwh.

The demand for electricity has overtaken the supply and the gap has been increasing. The
rapid economic growth for which the country is poised in the wake of economic reforms and
globalization, would lead to further increased demand growth To meet the increasing power
requirement, it is necessary to speedily develop and utilize all types of energy resources at our
command. Since 1990s India’s Gross Domestic Product (GDP) has been growing quite fast and

it is forecast that it will continue to do so in the future.
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3.2 CARNOT CYCLE

The Carnot cycle is an ideal but non-practical cycle giving

. ; —
maximum pniamble thermal efficiency for a cycle operating on s
selected maximum and minimum temperature ranges. g
; 1
Thermal efficiency of Carnot cycle is given by E ) IR r\ L
Work output ] ; \J
',;’. i = - : i
@t~ Heat received " / \
— 5 (Entropy)
= T,_ R Tz
= Tl Fig. 3.3. Camot cycle.

where,

Ty = Temperature of the heat source (higher temperature)
T'; = Temperature of the receiver (lower temperature)

Being ideal cycle, the efficiency of the Carnot cycle is maximum and is treated as a stan-
dard of comparision for all other cycles.



7.17 BOILER ACCESSORIES ired for the smooth function of the byjje,
' jes are auxiliary parts requir ity of fuel iz used in ¢ by
v o o Gl 80 S0
i heat is carri e
Pl?jnt H.;ld var}’éfﬁﬂ‘éﬁﬁ ?;il;,e'ijiﬂﬂﬂnt age of costly f 3.13]. it IE'EECEEITIE;D conserve i, fu;;
ﬁ:" :t'::léilsigna; :;; wasted Enﬂr-rg}l' to the atmosphere. This is done In all modern power pjap, by
incorporating economiser and air preheater.

The common equipments used in thermal power plants to increase t!lE t:;:mal efficien,
are economisers, and air preheaters. The heat carried with Flietﬂut; fﬁf}i pmey reimefled in
air preheaters and economisers and reduces the fuel supplied to Sie it & BP"E Bating of
air with the gases increases the combustion efficiency and reduces the OnSumption. The
- other important accessories are superheaters, and reheaters.

7.18 ECONOMISERS

The economiser is a feed water heater deriving heat from the flue gases discharged froy
the boiler. '

There are steaming economisers in which the water is raised to the beiling point and
partially (10 — 20%) evaperates and non-steaming economisers in which the temperature of
water is below the boiling point by 20 - 30°C. The advantage of an economiser are as follows:

Tubwes

Elua Ba.slas

Flg. 7.36. Iron tube economiser.
(t) It reduces the losses of heat with the flue gases,
(i) It reduces the consumption of fuel.
(iti) It improves the efficiency of the boiler instal]a- t
tion by inereasing the steaming capacity. f o —
(fv) It enhances the life of boiler, C
Economiser may have iron or stee] tubes. Smooth op I'
eral view of an irgn economiser,
Flue gases flow over the tubes,

Fi 7 sho '."";:‘"1' O r————?
ig. 3.3 W8 an economiser, consistin : i
steel tubes through which the feed g of series of

water flow. The comp T
tion gases pass over the tubes and transfer some of th:; P gwn

Fig. 7.37. Steel tube economisa’



{a the feed water, The boiler efficiency riges by about 1% for each 10°F rise in feed water

me“m

ture. Economisers may be parallel-flow or counter-flow, when the gas flow and water-
o Are in the same direction economisers are ealled parallel-flow whereas in counter-flow
g

jiser the gas .l".luw and water-flow are in the opposite direction. Installation of an economiser
ds on its initial cost, type of boiler and nature of feed water used.

fig. 7.38 shows by-pass arrangement which enables to isolate or include the economiser

mthBFﬂth of the flue gases,
Economisar —,
.
. -y
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Fig. 7.38. By-pass arrangament for economiser.

From the above it is seen that an economiser is a heat exchanger which raises tlhe tem-
perature of the feed water leaving the highest feed water heater to about the satm:atmn tem-
perature corresponding to the boiler pressure. This iz done by the hot flue gases 1emr1111gr t_he last
muperheater or reheater at a temperature varying from 370°C to 540°C. Since by lltlilﬂl.[‘lg tbe
‘ﬂ!ﬁuﬂt flue gases in heating feed water, higher efficiency and better economy were achieved,
henice, the heat exchanger is known as “sconomiser”. Modern econom g

some boiling of the feedwater in the outlet sections, and are therefore, termed as “steam-

isers are often designed to

For an economiser, following design requirements should be satisfied: | A
1. It must be able to extract maximum possible heat ﬁ'-:-rr} exhaust gases, with minimum

heat transfer surface.

2. The pressure loss should be minimum to reduce the running expenses of 1D fans.

3. There must be free circulation of w:ater Aro
heating and boiling during the period when

Bure rising stages.

"19 AIR PREHEATERS

heg 11 heat carried with the flue gases coming out

| breg g the air before supplying to the combustion ch

| 1y In termsg of boiler efficiency in modern power plant, i
Ply of hot air for drying the coal in pulverised fuel system to facilitate gn

L hnr “ombustion of fuel in the furnace.

und the economiser to prevent the over-
there is no feed-flow during early pres-

of economiser is further utilised for pre-
amber, The air heater is not m_]l;u' consid-
hut also as necessary equipment for

ng and satisfac-



: . it is possible to cool the exhayg |

Thus. wi ication of air preheater, | ! Eagpg
heating g mel'tpdpil::rr the combustion of fuel. The use of hot air makes the Com ::1 the
* ;ﬁre:':riillt by making it more stable and reducing the energy logseg due .ln’::uu

1.
plete combustion and unburnt carbon.

. s with hot gases on one gide and air on the Iuther, It pre
the .,l: ln:n 1:' ﬁglﬁ t;a;;t&iam‘ Preheated air accelerates th-‘.,;.r:;:mlh:ﬂhun and rﬂti]ﬂzx
the burning of coal. Degree of preheating depends on the type ﬂd u‘I‘?h' Ype of fuel hlﬂmiuIg
equipment and the rating at which the boiler %md furnace ﬂPETﬂt-: - 1€ principal bepeg;, g
preheating the air are increased thermal efficiency and increased steam capacity pey SqUare
moetre of boiler surface. There are two types of air preheater.

1. Tabular type 2, Plate type

A tabular type air preheater as shown in Fig.7.39.
After leaving the boiler or economiser the gaseous products of
combustion travel through the inside of the tubes of air
preheater in a direction opposite to that of air travel and trans-
fer some of their heat to the air to be supplied to the furnace.
Thus, the air gets initially heated before bein g supplied to the
furnace. The horizontal baffles are provided as shown in the

figure to increase time of contact which will help for higher Tubes
heat transfer,
Ay

The gases reverse their direction near the bottom of the L i

nir?:ent.er. and a soot hopper is fitted to the bottom of air heater
casing to collect soot.

.
In plate typle air preheater the air absorhs heat from Soot |

the hot gases beuflg swept through the heater at high velocity o

on the opposite side of a plate. It consists of rehgalé!
plates spaced from 1.5 to 2.5 em apart lea\ri.ng dlbariats ais Fig. 7.39. Tabular type air p 3

and gas passages. This type of air-preheater is no

expensive both as to initial cost and main
tubular air preheater, Weaance

Finally the products of :
POt i of combustion leaye the stack (chimney) to make their passage to the

esirable that the temperaty t
; r . ep
as low as possible to keep the heat loss to the ,gtf-' ﬂli: thatﬁﬁi:vmg the stack should be

Flue gas
inlat -+

t used in modern installations, as it 1s mOr*
cost and also in efficiency as compared with

i required per unit mass ﬂf;'fi‘:ﬂ
ciency, cost of economiser and air pret

Aur preheater should be \

s bt
saved or some beneficig| action :d Where A study of costs indicates that some money “" al
need Lo be taken intg . 9 combustion cay pe bta : - factors the
follows: 0 fecount in examip; Obtained by its use. Some a8

N8 a case for justification of air preheat system

fiJ Imprwt-mnnl in g

i) Cost of the | .
y Bhuip slimatog :

(i) Cost of extra drypy Maintenance



7.21 SUPER HEATERS

The steam produced in the boiler is nearly saturated. This steam as such should not be
used in the turbine beeause Lhe dryness fraction of the steam leaving boiler will be low. Thig
results in the presence of moisture which causes corrosion of turbine blades, etc. To raise the
lemperature of sleam su por healer is used. It consists ol several tube cireuils in PFer“Ef with
one or more return bends connected between headers. Super heater supplies steam at constant
lemperature at different loads, The use of super heated steam increases turbine efficiency.

: The function of the superheater in tite thermal power plant is to remove the last traces of
moisture from the saturated steam coming out of boiler and Lo increase ils temperature suffi-
ciently above the saturation temperature, The superheating raises overall cycle efficiency as
well as avoids too much condensation in the last stages of the turbine, which avoids the blade
erosion. The heat of combustion gases from furnace is utilised for the removal of moisture from
steam and to superheat the steam, In modern utility high pressure boilers, more than 40% of
the total heat absorbed in the gencration of steam Lakes place in the superheaters, therefore,

large surface area is required to be provided for superheating of steam. Superheaters and
rcheaters are made of 20 to 50 mm outer diameter.

There are three types of super-heaters:

1. Conveclive super healer
2. Radiant super heater
3. Combination ol the two

Y

e L T T L

Fig. 741, Qvor 0bok suparmenicr Fig. 7.42. Inter deck suporhoater



Convective super heater mukes use of heat in the gases entirely by conveetive by lovit.

.. {hem in the convective zone ol the furnace, usually ahead of the ceonomiser, whereas a

diant super heater is placed in the radiant zone of the furnice near the water wall sl
eceive heat from the burning fuel Lthrough radiation process,

|

Fig. 7.43. Intef lube supurhaatur

The final temperature of steam depends upon the gas lMow rate, guantity of gas Now and
the temperature of the gases leaving the super heated section. The flue gas emperature should
be nearly 175°C higher than the temperature of super heated steam. Material used for super-
heater tubes should have high temperature strength and high resistance to oxidation. Special
steel alloys such a chromium molybdenum alloy is uscd for tubes of super-heater for modern

high pressure boilers.
According Lo location the super-heaters are classified as follow:
fi} Over deck iy Inter deck
fiit) Inter Ltube fiv) Inter bank.
. Fig. 741 shows over deck location ol a super heater and inter deck location is shown in
Fig. 7.42. Inter tubes and inter bank location of super heater is shown in Fig. 7.43 and Fig. 7.44
respectively.

.
'ﬁ
.
%
ﬁ
f/f"
/

Fig. 7.44, Inter bank superhealer

dn:fww deck and inter deck super healers are essentially convective super heater. The heat
er u]‘ﬂdltlun.ll-i- in @ super healer viary with load. When load is decreased the gas mass Now
proportionately and in a conveclive superheater fower degrees of super heat are




obtained whereas in a radiant superheat steam receives more
heat than at higher loads. A radiant superheater has falling
characteristic with increased steam output of boiler. Modern
boilers using high pressures use combination of _(:unvur:hve
and radiant superheater. Fig. 7.45 shows the locating of both
convective and radiant super-heaters in a bent tube boiler.

If superheater is located in the spaces over the water
tubes of the boiler, it is called over deck. If it is placed in the
space within the tube deck, this is called inter deck super-
heater, and when located between the banks of water tubes, it
is known as inter bank. '

Superheaters may be horizontal or pendant, the former have the advantage of being drajpg
easily, while in the latter the condensed steam has to be blown off.

Depending on the direction of flows of steam and combustion products, superheaters may
be partial flow, counter-flow or mixed flow type.

Radiant superheater. If the heating surface of a radiant superheater in the drum-type
boiler is not large, it can be located on the furnace roof. Otherwise, it can occupy part of the
vertical walls of the furnace. In once-through boilers, the radiant superheater usually OCCupies
the furnace roof, the upper and medium radiation sections, the walls of the horizontal flue duct.

7.21.1. Sugden Superheater

Fig. 7.46 shows sugden's super heater used in a Lancashire boiler. This su per heater uses
two steel headers to which are attached solid drawn ‘U tubes of steel. These tubes are arranged
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Fig. 7.48. Sugden supermoater.



, f four and one pair of the h
in groups 9 pair ol the headers generally carries ten of the
farky tubes. The steam from the boiler enters and leaves the headers as ﬂhu&uzng;;iﬁﬁ::vﬂ. IiIJ:..

_pows how the steam pipes may be arranged so
: ::th-ect to the main steam pipe. as to pass the steam through the superheater
Advantages of Super-heated Steam

. EupE-:I‘-hEﬂtEd steam 1s vapour whose temperature has been increased above that of its
piling point at that pressure.

The various advantages of using super-heated steam are as follows:

(i) Super-heated steam has an increased capacity to work due to a higher heat contact.
Therefore, an economy in steam consumption in steam turbines and steam engine
achieved, ; t

(ii) Super-heating raises the over all efficiency of the plant. The temperature of the su-
per-heated steam being higher it gives a higher thermal efficiency when used for
working a prime mover.

(iii) . Super-heating of steam avoids the erosion of turbine blades in the last stages of ex-
pansion of steam. In order to avoid blade erosion it is desirable to limit the moisture
content 10 to 12% in the exhaust of the steam turbines.

7.12.2. Super-heat Control

It is desirable that there should be a close control over the final temperature of steam over
a reasonably wide range of load.

The various methods employed to achieve this are as follow:

1. Use of Desuperheater. To control the temperature of steam a desuperheater
(attemperator) is used. In the desuperheater (Fig. 7.47) some quantity of cold water is
injected into or around the pipe carrying the steam. This causes the evaporation of
water so injected and thus the temperature of steam is lowered.

5 Use of Tilting Burners. Tilting burners in the furnace are used to regulate the
temperature of gases leaving the furnace (Fig. 7.48)
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3. Use of Dampers. Dampers are p

F..-‘l'

combustion gases in order to vary
heater,

Use of Auxiliary Burners. Auxiliary burners (Fig. 7.49) can be used to conty fige

gree of super-heat.

Twin Furnace. Arrangement (Fig.7.50) may be used for the control of Supﬂr-heating

temperature.
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Fig. 7.49. Auxiliary Burners.

Fig. 7.50. Twin furnace.




7.8 BOILER MOUNTINGS

Different fittings and devices necessary for the o ' .
. ‘ peration and safi

as boiler mountings. The safety valve, water level indicator and the fusi;j; ; £ i‘*l boiler s;lredlm?wg
used for the safety of the boiler. The pressure gauge, feed check valve hluﬁﬂ?ﬂﬂri t Ed E:;E;l
stop valve fall under the category of fittings and are essential for the ﬂpEI"ﬂtiﬂI’? f;f i}l:e ljniler.

The functions of various boiler mountings are given here under-

1. Pressure gauge. A pressure gauge is
inside the boiler. = used to measure the pressure of the steam



ter level indicator. This indicates the w

2. E: poiler should not fall

peated and the tubes m
cont of the boiler.

5, Safety valve. The function of safety valve is to prevent an increase of steam pres-

sure in the boiler above the safe design pressure. When the pressure increases above
design pressure, the ‘fﬂll‘-’E opens and discharges the steam to the atmosphere, and
when the pressure falls just below design pressure, the valve closes automatically. A
spring loaded safety valve is commonly used.

4, Fusible plug. When the temperature of the boiler shell increases above a particular
level, Fhe fusible plug, which is mounted over the grate, melts and forms an opening.
The ‘NH}" pressure steam pushes the remaining water through this hole on the grate
and extinguish the fire. Thus, it prevents the overheating of the boiler shell and tubes
when the water level in the boiler falls below a predetermined level.

Umlier normal water level conditions in the boiler, this plug is covered with water
which keeps the temperature of the fusible metal below its melting point. When the

water level in the boiler falls and the plug is uncovered, the fusible metal quickly
melts and the plug drops out.

5. Blow-off cock. Since the water supplied to the boiler always contains some impuri-
ties like mud, sand and salt, therefore on heating, these are deposited, at the bottom
of the boiler. If these are not removed, they are accumulated at the bottom of the
boiler and reduce its capacity and also heat transfer rates. In addition, the salt con-
tent go on increasing due to evaportation of water. When the blow-off cock, located at
the bottom of the boiler is opened during the running of the boiler, the high pressure
steam pushes the water and the collected material at the bottom is blown out. The
blow-off cock is operated at regular interval of 5-6 hours of working for few minutes to
keep the boiler clean.

6. Steam stop valve. This valve is fitted to the highest point of the boiler shell. The
function of the stop valve is to regulate the flow of steam from the hni!er to the prime
mover as per requirement and shutoff the steam flow when not required.

7. Feed check valve. The function of the feed check valve is to a]l::-:w the supply of
water to the boiler at a higher pressure than boiler pressure -:untmum_.lsly and to
prevent the back flow of water from the boiler when the pump pressure is less than

boiler pressure or when pump fails. ;

8. Anti-priming pipe. The water particles are thrown up into the steam when the
boiler is generating steam rapidly. These water particles are carried away with the
sbenm Tﬁ?ﬂ is known as priming. As wet steam is not desirable when it is use:_i for
lil'ﬂ"-'iferr neration in prime mover, it is necessary to remove SRS JMIET Dl aen
from thEI;EEt.EEm Therefore, an anti-priming pipe, which is a simple deviea to p Ev;[.lt

: > . 1 d. An anti-priming pipe, which 1s
the carrying of water particles with the steam, 15 e - i
perfumte,; %; providi ;]: g slots or holes, is fitted into t‘n_e boiler :}1111311 11;1 t:r ;:;f::n:iﬂm
and the steam has to pass through this before coming out ;ﬂ l.;E rforated hﬂleﬂp
valve. When the steam enters into the anti-priming pipe through the pe :

; ck into the boiler.
the water particles are agglomorated and fall ba rovided in the boiler shell so

9. Man-hole. Man-holes, generally elliptical in shape, are provices © = -
that the people can get inside the shell for inspection and mainten

bel : ater level inside the boiler. The water in
OW a particular level otherwise the boiler will be over-

ay burn out, Usually two water level indicators are filled in
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9 Electrostatic Precipitators (ESP)

It has two sets of electrodes, insulated from each other, that maintain an electrostatic field
petween them at high voltage (Fig. 6.28). The flue gases are made to pass between these two
gats of electrodes. The electric field ionises the dust particles that pass through it attracting
hem to the electrode of opposite charge. The other electrode is maintained at a negative poten-
iial of 30,000 to 60,000 volts. The dust particles are removed from the collecting electrode by
rapping the electrode periodically. The electrostatic precipitator is costly but has low mainte-
sance cost and is frequently employed with pulverised coal fired power stations for its effective-

qess on very fine ash particles and is superior to that of any other type.
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Fig. 6.28. Basic alements of ESP

An electrostatic precipitator has following basic com
2. lonizing and collecting electrodes
4. Shell to house the elements.

injection of small quantitities of SO, into the
thus makes the dust more emenable to
the collection efficiency of the precipi-

1. Source of high voltage
3. Dust removal mech anism
Gas Conditioning. Gas conditionin
ue gas, This reduces electrical resistivity

“llection in the electrical precipitator.
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g is the
of fly ash and
Thus, it increases

ponents:
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~ (Contd...)
4. Delhi 1. Badarpur 720 MW
5. Gujarat 1. Ahmedabad 217 Mw
2, Dhuvaran 254 MW
6. Haryana 1. Faridabad 800 MW
2. Yamuna Nagar 840 MW
7. Karnataka 1. Manglore 320 MW
2, Chhamraj Nagar 500 MW
3. Hasan 200 MW
8. Kerala 1. Kayvamkulum [ 420 MW
2. Kayamkulum II 100 MW
9. Madhya Pradesh 1. Vindhyachal 2260 MW
2, Waiden 2000 MW
3. Pench 840 MW
4. Satpura 312 MW
5. Bhilai 500 MW
10. Maharashtra 1. Trombay 337 MW
2. Nasik 280 MW
3. Chola 136 MW
4. Khaperkheda 120 MW
11.Orisa 1. Talehar 4000 MW
2. Rourkela 125 MW
12. Punjab 1. Bhatinda 640 MW
13. Rajasthan 1. Kota 400 MW
14. Tamil Nadu 1. Nayveli 240 MW
2. Chennai 2000 MW
3. Ennore 120 MW
15. Uttar Pradesh 1. Singrauli-1 2000 MW
2, Singrauli-TI 000 MW
3. Rihand 3000 MW
4. Dadri 840 MW
5. Unchahar 840 MW
6. Hardua Ganj 210 MW
7. Obra 200 MW
8. Kanpur 1556 MW
9. Renukoot 125 MW
16. West Bengal 1. Farakka 1800 MW
2. Durgapur 406 MW
3. Kolkata 507 MW
4. Bandel 330 MW



7.15 DRAUGHT

The rate of steam generation in a boiler depends upon the rate of fuel burned, which
further depends upon the availability of fresh air supply to the comb ustion chamber. In :,m:ler to
maintain a continuous flow of fresh air into the combustion chamber, it is necessarj; to exhaust
the products of combustion from the combustion chamber through tfle chimney into the atmo-
sphere. The difference of pressure causing the flow of fresh air in and exhaflst ases out 18
known as draught. J

To move the air through the fuel bed and to produce a flow of hot gases through the boiler,
economiser, preheater and chimney require a difference of pressure equal to that necess to
accelerate the burnt gases to their final velocity and to overcome the pressure losses The
can be obtained by use of chimney, fan, steam or air jet or combination of these. .

The draft produced by the chimney is known as natural draught. The draft prnduceﬂhﬂl;'
ced Wi

hanical equipment like fan is known as mechanical draught. The draught produ

mec
pressure steam is known as steam jet draught.

the help of high

Boiler draught is classified as given below:




Draught

|
Nafural or

chimney draught Tﬁcw
aught
st Y l |
eam
d-aup:f M;ﬂmm::am
I
]
el = | I -
ﬂ"'ﬂl-t:r-': Forced induced  Forced  Bajance

draught draught  draught  draught
The purpose of draught is as follows:

(i) To ?uppi:.r required amount of air to the furnace for the combustion of fuel. The amount
of fuel that can be burnt per square foo

i tof grate area depends upon the quantity of air
circulated through fuel bod. ¢ P P q

(i) To remove the gaseous products of combustion.
Draught is delined as the diflerenee belwee
flow passage and the ambient (same ol
Py and it is minus F,, > P, .

n absolule gas pressure al any point in a gas
vation) atmospheric pressure. Draught is plus if 22, <
Draught is achieved by small pressure difference which causes
the flow of air or gas to take place. 1L is measurced in millimetre (mm) of waler,

I only a chimney is used to ereate the necessary draught, the system is called natural
draught system and il in addition w chimney a foreed draught (1.13.) fan or an induced draught
(L1).}, lan or both are used, the system is ealled mechanical draught system. Fans or chimneys
produce positive pressure and is called available draught whereas fuel bed resistance, turbu-

lence and friction in air ducts, gas breechings, chimney, ete., create negative pressure and is
called the required dravght.

7.15.1 Natural or Chimney draught

Natural draught system is used in boilers of smaller eapacities. Natural draught is cre-
ated by the difference in weight of a column of cold external air and that of a similar column of
hot gases in the chimney. This system is dependent upon the height of chimney and average
lemperature of the gases in the chimney.

Natural draught is obtained by the use of chimney. A chimney iz a verticle tubular struc-

lurp ul” k_'}[‘j:i_‘:l;-H masonary or sieel built for Lthe PUr s ol E:‘.I.l:lu.‘:'ing a column of rases Lo E}I'linl.,.Il.:f_'
draught,

Now a days the chimney is not used for creating draught in steam power-plants as it has
Mo fexibility, the total draught produced is insuflicient for high generating capacity. By using
ﬂlimne.-,ru draught can be increased by allowing the ue gasies lulll::twn the combustion chamber
at higher temperature and this reduces the overall efficiency of the power plant. The chimney
'S, therefore, used only to discharge the flue gases.

Advantages of Chimney Draught

l. It does not require any external power for producing the draught,

2. The capital investment is less than that of artificial draught. Maintenance cost is ni
as there is no mechanical part.



3. Chimney keeps the flue gases at a high place in the atmosphere which prevey,. the
contamination of atmosphere.
4. It has long life.

Limitations:

1. For producing sufficient draught, the flue gases have to be discharged at COmpary.
tively high temperatures resulting in the loss of overall efficiency of the plang

2. Due to low velocity of air, there is no thorough mixing of air and fuel in the combus.
tion chamber resulting into poor consumption.

3. Nearly 20% heat released by the fuel is lost to the flue gases.

7.15.2. Mechanical Draught (Artificial Draught)

In boilers of larger capacities, fans are employed to create the necessary draught in order
to reduce the height of chimney, to obtain draught that is independent of weather conditions
and to control the draught easily.

Mechanical draft may be induced, forced or balanced draft.

Induced draught (1.D.) system shown in Fig. 7.30(a) is
created by chimney and fan located in the gas passage on the
chimney side of the boiler. In this system gas movement is

achieved as result of a vaccum.
The various pressures indicated are as follows:

P; = Inlet pressure of forced draft fan.
Py = Outlet pressure of forced draft fan.
Py = Pressure below grate.
P, = Pressure above the grate.
Py = Inlet pressure of induced draft fan.
Py = Outlet pressure of induced draft fan.

Induced draught is not as simple and direct as forced be-
cause fans used in induced draft system operate in gases of much
higher temperature (nearly 500° — 900°F). This becomes more

expensive. Grata. ﬂ £D Fan
The fan sucks in gas from the boiler side and discharges it — l
to the chimney (stack). i

l'hJ m
The draught produced is independent of the temperature oo
of the hot gases and, therefore, the gases may be discharged as -
cold as possible after recovering as much heat possible in air —
preheater and economiser,

In forced draught (F.D.) system Fig.7.30(b) the fan in- ——
stalled near the boiler base supplies the air at a pressure above ':—_'___—-ﬂ

that of atmosphere and delivers it through air duct to the fur- i

nace. Most high rating combustion equipment employs I'arca:d wmﬁnﬁ“
draught fans for supplying air to the furnace. Forced draught is .1 draughis
used in under fed stokers carrying a thick fuel bed. Fig. 7.30. Artificial o




fa - ion of induced and f,
cced draught _ e air through th, and forced draught systems. The
:.;'ﬂuﬂht- fan sucks in gases from the hojl © fuel bed on to the top of grate and the induced

m is used where pressure above fire er side and discharges them to the chimney. This

e i slightly below atmospheric, Fig.7.30(c) shows this

Fig. 7.31 shows the pressure distribution for the balanced system

Baier . T

Chirmma )y

Fig. 7.31. Balanced draft,

Construction such as shielding or water cooling or water protect the bearings of fans. The
LD. fans handle gases laden with dust which causes wear of blades. In forced draught system
the fans handle cool and clean air and the fan can be located where convenient. Balanced draft
system is more efficient. In balanced draft system about 0.1 inch water vaccum is maintained
over the fuel bed.

Multivane centrifugal fans are generally used for moving large volume of air and gases.
The performance of a fan depends on the shapes of blades which are, in general, of three types:

1. Backward curves blades.
2. Forward curved blades.
3. Straight radial baldes.

Various types of blade forms are shown in Fig. 7.32.

=) (e
@ G &

curved
Fig.7.32. Types of fan blades.

The ai " tins of backward curved blades possesses low velocity. This makes
%anéigljﬁ?l?é 2:,.; ;E:;eui Fans with backward curved blades are used in forced draught
%¥stem, Porward and radial blades are ased in induced draught fans,



Comparisons of forced and induced draughts

The forced draught system has the following advantages a3 compared to induced draughs.

(e

()

(£ii)

(i)

The induced draught handles more volume of gases and at elevated temperatur,

i'l"h“l'ﬂl‘nrc, the size and power required for induced draught fan is more than foreeg
an.

Improved route of burning of fuel is achieved by using forced draught because there
is more uniform flow of air through the grate and furnace sd aisa Uhie Air pesiotrates
better into the fire bed.

In case of induced draught when doors are anﬂEd for ﬁnng there will be rush of cold
air into the furnace and this reduces the heat transmission. :

The induced draught fan handles fue gases at high temperalure and thus witer
cooled bearing are needed for indueed draught fan.

Advantages of mechanical draught over natural draught

1.
2,

3.

e

The rate of combustion is high due to the greater draught available.

Due to better mixing of air and fuel with artificial draught, the quantity of air sup-
plied per kg of fuel burned is reduced. This also increase the efficiency of combustion.
The air flow can be regulated by changing the draught pressure as per requirement,
i.e., as per the load on the boiler.

Maximum heat can be recovered from the exhaust gases in the economiser and air-
pre-heater as artificial draught is independent of gas temperature.

The height of the chimney can be reduced as the function of the chimney is now only
to exhaust the gases high in the atmosphere.

The efficiency of the artificial draught is much higher as compared to natural draught.

It prevents the formation of soot and smoke as complete combustion is possible even
with less percentage of excess air,

7.15.3. Steam Jet Draught

Steam jet draught may be induced or forced draught depending upon the location of stear
jet producing the draught. ocatl

1]
A

A< | W Sucked in
Exhai ﬂ;—; formres Staan nozzls
from Steam onging

{a) Steam fal-induced draught sysiem {1} Steam faf-forced draughi Eysham
Fig. 7.33. Steam jat draught. ;




induced draught produced by steam

. : et is S ; . .
omotive boilers. Exhaust steam (rom [lj shown in Fig. 7.33(a). This system is used in

i _— T 1[3[}{111[1&9 ' y g ’ b
;ﬁw draught. The air 1s induced through the %lues It}tf;tﬂ.{é SIS Wp nEh b e

y and ash pit to the smoke box.

Fig. 7.33 (b) ;‘:hmxiis d.fm ced dra.ught developed by steam jet. Steam from the boiler is
9355“& throug B throiLie vd?vﬂ*_thr”ttlﬂ pressure being 1.5 to 2 kg/em? gauge. Then the steam
passes through a nozzle projecting in diffuser pipe. The steam comes out of nozzle with great
«elocity and drags a column of air along with it thus allowing the fresh air to enter. The mixture
i steam and air possesses high kinetic cnergy and passes through the diffuser pipe. The ki-
setic energy gets converted into pressure energy and thus air is forced through the coal bed,
wrmace and flows to the chimney. Steam jet system is simple, requires less space and is eco-
omical. But it can be used only if steam at high pressure is available.



A—STEAM TURBINES

41 INTRODUCTION

A steam turbine 1s a prime mover which continuously converts the energy of high-pres-
sure, high-temperature steam supplied by a boiler plant into shaft work with the low tempera-
tore steam exhausted to a condenser. The steam turbine is used predominantly as prime mover
inall thermal power stations. Now a days, steam turbines upto 1000 MW capacity are being
manufactured, and of capacity upto 1500 MW are planned for future,

The energy of the steam is converted into mechanical work in two steps:

1. The high-pressure, high-temperature steam first expands in nozzles and comes out
at a high velocity.

2. The high velocity jets of steam coming out of the nozzles, impinge on the blades
mounted on a wheel, get deflected by an angle and suffer a loss of momentum which
is observed by the rotating wheel in produecing torque.

A steam turbine is basically an assemblage of nozzles and blades. In steam turbines, steam

i allowed to expand in stationary nozzles or blades, where it acquires a high velocity. These

tozzles or blades are mounted on the periphery of a fixed disc called diaphragm. These high

?Elﬂﬂitf steam jets are then directed onto a I'i[lg of blades fixed to the rim of wheel or rotor,

which is free to revolve. The effective force of these jets, acting on these blades, rotate the

Wheel. A pair of blade rings consisting of a fixed ring of blades and a moving ring of blades is
Wn as a turbine pair or stage.

82 ADVANTAGES OF STEAM TURBINES
The various advantages of steam turbines over steam engines are as follows:

1) Tt requires less space.

it} Absence of various links such as piston, piston rod, cross head etc. make the mecha-
nism simple. It is quiet and smooth in operation, and has very less vibrations and
hence require lighter foundations.



(éif) Its over-load capacity is large.
{iv) It can be designed for much gre
turbines can be built in sizes ranging
power in single units.
(v} The internal lubrication is not
lubrication. . L .
i) In steam Lurhine the steam {:nnﬂumptiﬂﬂ does not Increasc with increase n years of

s s d to steam engine, Sie.
r capacilies as compare BIne. Stegy,
ate fl:um a few horse power to over 500,000 horse

required in steam turbine. This reduces the cog of

service, _
(vit) Insteam turbine power is generated at uniform rate, therefore, flywheel is not needed.
(viti) Tt can be designed for much higher speed and greater range of speed, .
(ix)] The thermodynamice efficiency of steam turbine is higher. (35-40% as against 15-20%
of steam engines). N
(x) More work is obtained per kg of steam for the same initial steam conditions.

8.3 MAIN COMPONENTS

Main parts of a steam turbine are as under:

£} A rotor on the circumference of which a series of blades or buckets are attached. Toa
great extent the performance of the turbine depends upon the design and construe-
tion of blades. The blades should be so designed that they are able to withstand the
action of steam and the centrilugal force caused by high speed. As the steam pressure
drops the length and size of blades should be increased in order to accommodate the
increase in volume. The various materials used for the construction of blades depend
upon the conditions under which they operate. Steel or alloys are the materials gen-
erally used.
(£i) Bearing to support the shaft,
(iii) Metallic casing which surrounds blades, nozzles, rotor pte.
{iv}) Governor to control the speed,
{v) Lubricating oil system.

Steam from nozzles is directed against blades thys
tains high velocity during its expansion in nozzles an
converted into mechanical energy by the turbine. Ag g
ciency of turbine is the usual work energy appearing
of the heat energy available. High pressure steam js
turbine. From it comes torque energy at the shaft, p
friction and radiation.

causing the rotation. The steam al-
d this velocity energy of the steam is
thermal prime mover, the thermal effi-
as sha}f’t Power presented as a percentage
SEnt in through the throttle valve of the
xhaust steam, extracted steam, mechﬂ-ﬂj“]

8.4 CLASSIFICATION OF TURBINES

Steam turbines can be classified in following ways:
1. Aecording to the Action of Steam
(@) Impulse turbine.

In both these types of turbines, first the pntha)
verted into kinetic energy by passing it through ng,

() Reaction turbine.

:1]:: of the steam of high pressure is con-



(u)

(b

turbine.

2.

fmpulse turbines, In impulse turbines, the seum
coming out at a very high velocity through the figed
nozzle impinges on the blude fixed on the periphery
of a rotor. The blades change the direction of the st
flow without changing the pressure. The resulting
motive force causes the rotation of the turbine shaft

(Refer IMig. 8.1).

Reaction turbines. In pure reaction turbines, the
high pressure steam [rom the builer is passed through
the nozzles. When the steam comes out through these
nozzles, the velocity of Lthe steam increases relative
to the rotating dise. The resulting reacting loree un
nozzles gives the rotating motion o the dise and the
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Fig. B.1. Imgaidse flalne

ghaft. The shafl rotates in opposite direction Lo that of steam jet
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Fig. 8.2. Impulsa-reaction lurbine

According to the direction of steam flow
(a) Axial flow turbine.

(b) Radial flow turbine.

(¢) Mixed flow turbine.

(d) Tangential flow turbine.

According to the number of stages

(z) Single stage turbine.

(b) Multistage turbine. ;
According to the pressure of entering stea
(@) Low pressure turbine - upto 2 kgffem?,

(b) Medium pressure turbine - upto 40 kgffem?.
(c) High pressure turbine - above 40 kgffem®.
(d) Very high pressure turbine - above 170 kgliem?,

In practice, we hardly find any reaction turbine as discussed above. In general practice,
the impulse-reaction turbine is known as reaction turbine. Fig. 8.2 shows an impulsed reaction

In these impulse-reaction turbines, the steam expands both in fixed and moving blades

tontinuously as the steam passes over them. Therefore, the pressure drop nceurs gradually and
eontinuously over both moving and fixed blades.



i 5 kgl/cm?.
(e} Super-critical pressure turbine - above 225 kg

5. According to the condition of Exhaust Steam
la) Condensing type turbine.
(b) Non-condensing type turbine. y

6. According to the method of governing
(@) Throttle governed.
(b) Nozzle governed.
(e} By-pass governed,
(d) Combination.

7. According to the usage .
(a) Constant speed stationary for power generation.
(&) Variable speed stationary for turbo-blowers.

(e} Variable speed mobile for ships.

Most of the power plant turbines are of the impulse-reaction type. But due to a number of
reasons, like low volume at the high inlet pressure, the first one or ’E'_ﬂrﬂ stages ﬂ"‘-‘_ﬂf the im-
pulse type. After the first impulse atage, there are usually a number of impulse-reaction stages,
Nearly 20 to 30 stages are common with these reaction turbines.

Comparison between Impulse and Impulse-Reaction Turbine

The difference between the impulse and reaction turbines are :
L. In impulse turbines, the steam completely expands in the nozzle and its pressure
remains constant during its flow through the blade passages. In reaction turbines
steam expands partially in the nozzle and further expansion takes place in the rotor

hlades.
2. The relative velocity of the steam passing over the blade of impulse turbine remains
constant.

3. The impulse turbine blades have symmetrical profile whereas the reaction turbine
blades have acrofoil section. The area of flow, therefore, changes in the reaction tur-
bine along the blade passage similar o that in a nozzle. 0

4. The number of stages required for reaction turbine are more compared with impulse
turbine for the same power developed as the pressure drop in each stage is small.

5. The pressure on both ends of the moving blade of an im pulse turbine is same, whereas
different pressures exist on two ends of the moving blade of a reaction turbine.

6. The steam velocity in a reaction turbine is not very high and hence the speed of the
turbine is relatively low. _

8.5 COMPOUNDING OF STEAM TURBINES

If the entire pressure drop is carried out in single s - ) 2

. i tage nozzle, steam
entering the turbine shall be of the order of 1500 m/sec, and theuh?;i Etzzll; E.,i.:lnﬂifﬂ' ;E ’;r thia-
order of 30,000 rpm. Such a high velocity is dangerous for the blades due to F.-‘.!,;,::!"r il

Therefore a reduction gear shall be required between the turh; A

. . TR ; rhin _ This high
entering velocity also results in high exit velocity, which Ei“EsEaT:ni}geﬁiﬁ?m nThIf it
energy (about 10 to 12%). Therefore, the velocity of the blades is limited to 400 m/sec. In order

Lo solve these problems, number of stages are employed. rinine is
known as compounding, ployed; and the combination of these stages
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8.5 COMPOUNDING OF STEAM TURBINES

If the entire pressure drop is carried out in single stage nozzle theﬁ velocity of steam
entering the turbine shall be of the order of 1500 m/sec, and the hlacie velocity will be of the
order of 30,000 rpm. Such a high \'Elﬂﬂit}' s dﬂngernus for the blades due to excessive Eﬁﬂtﬁfu'
gal stresses and such a high speed of the turbine rotor is also not useful for practical purposes:
Therefore a reduction gear shall be required between the turbine and the ggn&ratnr. This high
entering velocity also results in high exit velocity, which gives a considerable loss of kinetic
energy (about 10 to 12%). Therefore, the velocity of the blades is limited to 400 m/sec. In order
to solve these problems, number of stages are employed; and the combination of these stages i
known as compounding.



1. Velocity Compounding

The drop in heat energy takes place only in the nozele at the first stage and is converted
jato kinetic energy. This gnin.in kinetic energy of the steam is used by the rows of moving
plades and finally exhausted from the last row of the blades. The function of fixed blades is
merely L0 '-ur“_t'hu steam into the direction required for entry into the next row of rotor blades
without changing the pressure and velocity of the steam. (Refer Fig. 8.3).
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Fig. 8.3. Velocily compounded turbing.

Advantages of Velocity Compounding

1. Fewer number of stages (2 to 3 only) are required, therefore initial cost is less.

2. The space required is less,

3. Since the total pressure drop occurs in the nozzle itself, the turbine housing need not

be made strong as the pressure in the housing is considerably less.

Limitations of Velocity Compounding

L. Friction losses are large due to high velocity of steam.

2. With the increase in num-

ber of stages the maximum
blade efficiency decreases.

Fixad Diages
Meving blackes

Mozzis
* Mowerig Bidades

2. Pressure Compounding
~In this compounding, the tur-
& is provide with one row of fixed
.H&des.lwurks as nozzles) at the en-
by of each row of moving blades. The i
I pressure drop of the steam does
10t takes place in a single nozzle but

\/ T
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;lldwidadmnngall the rows of fixed  [foaom | e
: Tde.s‘ which work as nozzles. The  ateny Condenser steam at axi
“ocity and pressure variations of } prossue
along the axis of the turbine i y -
shown in Fig. 8.4, valociy U Frassure
al aniry

Fig. 8.4. Pressure compound steam turbing.




3. Velocity and Pressure Compounding

This is a combination of pressure and veilnmt;f
is compounded as in pressure compounding In eac

- : in Fig. 8.0.
stage is also compounded in several stages, as shown in £18 .

This arrangement requires fewer stages for a given pressure dmiﬁhiiﬁi;: bine is com.
pact one. The velocity and pressure variations of steam along the a;ls t b lf' Hll;ﬁ showp
in Fig. 8.5. This method has the advantages of pressure compoun mg] o Lprﬂ‘“ e lgd'_i‘-l‘ pres-
sure drop in each stage and hence fewer stages and the advantage of velocily compounding is t,

reduce the velocity of each blade row.

compounding. The drop of pressure of sty
h stage, whereas velocity obtained in each

Nozzle
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Nozzla
Moving
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Mowving
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el / l---._"‘.:_ T
N "\3 v | |LPressure \ / Velocity

S i | at exit
i || [ ] l
J 'i i f Eﬂﬂd&ﬂser
Stage dHage pressure

Fig. 8.5. Velocity and pressure compounding.



5.8 GOVERNING

Governing of steam turbine means to regulate the supply of steam to the turbine in order
(0 maintain speed of rotation sensibly constant under varying load conditions. Some of the
methods employed are as follows:

(i) Bypass governing
(if) Nozzle control governing
(iii) Throttle governing.

(i) Fig. 8.6. shows by-pass governing arrangement. In this system the steam enters the
turbine chest (C) through a valve (V) controlled by governor. In case of loads of greater than
economic load a bypass valve (V) opens and allows steam to pass from the first stage nozzle box
into the steam belt (5).

1"‘!
| By pass
Marzle — —
box f |
s '

Throttlie

vaive (V)
3 Z
o Lol dd

Ligam —®= E

Fig. 8.6. By-pass governing.



(i) Fig. 8.7 shows nozzle governing arrangement. In this r?at:mtde élfhgﬂ\rEmjng il&ha fops
ply of steam of various nozzle groups Ny, Na, L}ﬂd N3 11:.;:]?‘“ rfu ntrul}ral::ti::; of valyeg
Vi, V; and V; respectively. Fig. 8.8 shows nozzle gove g 1

Bar it rod
Vil stvn
Vaha it bar
2% :

Slroam ﬁ
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PYoEra chist MNozHe groun

Haance foo
Fig. 8.7, Nozzle governing. Fig. B.B. Mozzle governing controd,

(tit) Fig. 8.9 shows throttle governing. In this method of governing the double beat
valve is used to regulate the flow of steam into the turbine. When the load on the
turbine decreases, its speed will try to increase. This will cause the fly bar to move
outward which will in return operate the lever arm and thus the double beat valve
will get moved to control the supply of steam to turbine, In this case the valve will get
so adjusted that less amount of steam flows to turbine.

F‘Iﬂ. 8.9, Thrattle avaIming.

The effort of the governor may not be sufficient to moy . : =
) . e the valve against the piston in big
units, therefore, an oil operated relay (servo-mechanism) is incorporated in the cireuit to am-
plify the small force produced by the governor to operate the valve,

Generally in practice a combination of throttle and nozzle control governing, or throttle
and by-pass governing is always preferred,



B — CONDENSERS

8.17 INTRODUCTION

A steam condenser is meant to receive the exhaust steam [rom the turbine or engine,
condense it and maintain a pressure al the exhaust lower than atmospheric. Some extra work
is obtained due to exhaust atl a pressure lower than the atmospheric. This improves the effi-
ciency (at a pressure lower than the atmospheric) of the plant. Air inside the condenser should
be pumped out continuously in order to maintain the vacuum. The condensation of steam oc-
curs in the range of 25°C 1o 38°C.

n the Now rate and temperature of the

Steam pressure in i condenser depends mainly o _
quipment, Some of the advantages ol a

cooling water and on (the effectiveness ol air removal ¢
steam condenser are as follows:



() It . ;
MICreases power output. Power plant cyele improves in efficiency as the turbine
exhaust pressure drops.

(i) il;::mvﬂrsnmnst a.::f‘the feed water (in case of surface condenser) which is available at
: to 5!]. C. This saves the amount of fuel to be burnt in boiler.
1¢ use of condenser, decreases the size of boiler installation.

The main disadvantage of condenser is that it adds to the initial cost of power plant as the

condenser requires addition : :
: al equi : ali ond, vacuum pump,
water circulating Pump ete, OB A S U RO e i

Liis)

The w_muu:p obtainable in a condenser is governed by the outlet water temperature which
n varies with the amount of condensing water used per kg of steam and its initial tem-

F!'.‘l‘i'lturﬂ', Alr entertainment in the condenser has its effect upon the vacuum, The addition of
air lowers the vacuum,

in tu

Advantages of Condensers

{1} Steam condensed by the condenser is used as feed water for boiler. This reduces the
cost of fuel as the condensate is supplied at higher temperature of the boiler, It also
reduces the capacity of the feed water cleaning system.

(tr) Increases the efficiency of the prime mover, as Lthe enthalpy drop (T - Ts) increases
with the increase in vacuum in the condenser. This means reduction of steam con-
sumption per unit of power generated.

(fzf) Prevents the deposition of salt in the beiler by using the condensate instead of feed
water from outer sources which contains salt. Deposition of =alt in boiler reduces its
efficiency and also reduces the life.

8.18 FUNCTIONS OF CONDENSER

It is an equipment in which exhaust steam from the turbine is condensed, T coring e
densing process some heat of exhaust steam is decipated to the cooling water known as “circu-
lating water”.

In other words, when steam is the -frurking fluid, it may be returned to the boiler and used
over again and again. This can be ﬂune in a L‘ﬂﬂlll:ll-:n#{-r most conveniently and economically by
first condensing it and then pumping the resulting water into the bojler. :

Main functions of condenser are:

(i} The primary object of condensing exhaust steam in a condenser is tq
to remove it seonomically at a pressure less than
that of the atmosphere after it has done its worlk
in the turbine and thus enable the steam to ex-
pand to a greater extent and do more work.

(ii) The secondary object of the condenser is to pro-
vide hot feed water for the boiler. The conden-
sate is a pure hot water and therefore can be fed
into the boiler directly without any treatment.
Thus large savings are made and less fuel and
time is required to raise the steam.

make it possible

Fig. 8.23, Indicator dj
iagram showing
Inereased wark using condenser.



5 19 ELEMENTS OF A CONDENSING PLANTS

it means in addition w condenser, all the essential cquipment re
actioning ol 2 condensing plant. Such as -

fu
1. A steam ejector or air pump, which is needed Lo remove
densable gases from the condenser. The air pump used Lo remove gases

known as *Dry air Pump”.
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Fig. B.24. Condonsing sysiem

2 A hot well, for collecting the condensate.
3. An exiraction pump,

guired lor the proper

air and other non-con-
and air 15

to remove the condensate from the condenser and to collect in

the hot well and then to feed it into the boilers pre-heaters by means of feed water

pump.

i A circulating water pump to condense the exhaust steam of turbine in the con-

denser.

5. Spray po
there is only a limit

arrangement 15 through a n
rangement is required. Thus cold circulating water is taken from the river.
8.20 TYPES OF STEAM CONDEN SERS
Steam condensers are mainly of two Lypes

1. Non-mixing type or surface condensers.
9 Mixing type or jet condensers,

1. Surface Condensers.

nd or cooling tower for cooling the circulating water of condenser, when
ed quantity of cooling water available, If the eirculating water
iver having sufficient water than no other cooling ar-

In surface condensers there is no direct contact between the steam and cooling water and
the eondensate can be re-used in the boiler. In such condenser even impure water can be used
for cooling purpose whereas the cooling water must be pure in jet condensers. Although the



capital cost and pace .

in running cost H";'ﬁ f needed is more in surface condensers but it is justified by the saving

upon the position of nerease in efficiency of plant achieved by using this condenser. Depending

the surface d condensate extraction pump, flow of condensate and arrangement of tubes
condensers may be classified as follows :

(1) !
:-}nut:rg T"“" type. Fig. 8.95 shows a sectional view of down flow condenser. Steam
directi » -thE top and flows downward. The water flowing through the tubes in one
&6 5}:;1 in luwer1hall: and comes out in the opposite direction in the upper half. Fig
E‘-Inar|-l| and WS a longitudinal section of a two pass down-flow condenser.
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Fig. 8.25. Down flow condenser Fig. 8.26. 'L section of down flow con r

iz} Central flow condenser. Fig. 8.27 shows a central flow condenser, In this con-
denser the steam passages are all around the periphery of the shell. Air is pumped
away from the centre of the condenser. The condensate moves radially towards the *
centre of tube nest. Some of the exhaust steam while moving towards the centre

meets tPE undercooled condensate and pre-heats it thus redy cing undereooling.
Srgarm &g .
air ; -

Air and
1)L

| Condensate
Fig. 8.27. Centra Hlow condenser Fig. 8.28. Ey
i) Evaporation condenser. Inthe Eﬂndﬂlnser{Fig, 8.28) steam WLy
(i through a series of tubes and the coaling water falls gyey t;“ﬁ?: :ﬂt:ensed is Pasaaz.:}_
spray. A steam of air flows over the tubes to increase evaporati g o
which further increases the condensation of ste Talion of cooling water




Advantages and disadvaniagos of surfuco condonsers

The various advantagoes of i surfiee condenner nre nn follows:

(1) The condensate can e used nm botler Teed witor,

(i) L‘uullr!g; “:"'1-|:|' of even poor quality can be used beeauso Lhis coaling waler does nol
e direct contact with stenm.

(i) !hgh vacuum (aboutl 79,6 em of Hyg) enn be obtained in the surlaco condenser. This
inereases the thermal efficiency ol the plant.

The various disadvantages of the surfuce condenser are as [ollows:
(1) The capital cost is more

l;|l.lI T'I'IE maintenance cost and Funning cost of thig condenser is high.
(ig) 1t is bulky and réquires more Hpace,

Requirements of a modern surface condenser.
The requirements of ideal surface condenser used for power plants are as follows:

(1) The steam entering the condenser should be evenly distributed over the whole conl-
ing surface of the condenser vessel with minimum pressure loss, ;

(i) The amount of cooling waler being circulated in the condenser should be so regulated
that the Lemperature of cooling watler leaving the condenser is equivalent Lo salura-
tion temperature of steam corresponding W steam pressure in the condenser. This
will help in preventing under cooling of condensate,

(iii) The deposition of dirt on the outer surface of tubes should be prevented. This is achieved
by passing the cooling water through the tubes and allowing the steam Lo flow over
the Lubes,

(iv) There should be no air leakage into the condenser because presence of air destroys
the vacuum in the condenser and thus reduces the work obtained per kg of steam. If
there is leakage of air into the condenser air extraction pump should be used to re-
move air as rapidly as possible.

2. Jel condensers. _

In Jot condensers the exhaust steam and cooling water come in direct contaet with each
other. The temperature ol couling water and Lthe condensale 15 same when leaving the condens-
ers,

Elements of the jot condenser are as lollows :
(i) Nuozzles or distributors for the condensing water,

i) Steam inlel,

i) Mixing chambers : They may be (a) parallel Mow type (b) counter Now Lype depending
on whether the steam and water move in the same direction before condensation or
whether the Nows are opposite.

i) Hot well,
In jet condensers the condensing water is called injection water,

(i) Low level jet condensers (Parallel flow type), [n this condenser (Fig, 8.29) water
in sprayed through jets nnd it mixes with steam. The air is removed at the top by an



mir pump. In counter flow type of condenser the cooling water flows in the downwarg

. direction and the steam to be condensed moves upward.
£t

Fig. 8.29. Low lavel jet condenser,

. High level or Barometrie condenser. Fig. 830 shows a high level jet condenser,
The condenser shell is placed at a height of 10.33 m (barometrie height) above the hat
well. As compared to low level jet condenser this condenser does not flood the engine
if the water extraction pump fails. A separate air pump is used to remove the air,

) Ejector condenser, Fig 831 shows an ejector condenser, In this condenser cold
water 15 discharged under a head of about 5 to 8 m through a series of convergent
nozzles. The steam and air enter the condenser through a non-return valve. Steam
gets condensed by mixing with water. Pressure energy is partly converted into ki-
netic energy at the converging cones. [n the diverging cone the kinetic energy is partly
converted into pressure energy and a pressure higher than atmospheric pressure is
achieved so as to discharge the condensate to the hot well,

P

lar .
=t
Ll
L
- LT T ]
— _ I ’? J ™ W-I"I
=SN= = o
[T g ="
Lsasieny gawu) Oesehuaipr o

B30 Hgh lerved ot corctorsse e
™ e - Fig- 8.31. Epector condenser
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3.19.6. Difference between Impulse and Reaction Turbines

2.19.7.1. Velocity Diagram for Moving Blade
Fig. 3.86 shows the velocity diagram of a single stage impulse turbine.
i = Linear velacity of moving blade (m/s)

'y = Ahsolute velocity of steam entering moving blade (m/s)
'y = Absolute velocity of steam leaving moving blade (m/s)

Cisy = Velocity of whirl at the entrance of moving blade
= tangential com, onent of C)
Ci, = Velocity of whirl at exit of the moving blade

= tangential component of Cy
Cr, = Velocity of flow at entrance of moving blade

= axial component of C)

Cfiy = Velocity of flow at axit of the moving blade

= axial component of Cp

5. No. Particulars Impulse turbine Reaction turbine

1. | Pressure drop Only in nozzles and not in|In fixed blades (nozzles) as

moving blades. well as in moving blades.

2. | Areaof blade channels Constant Varying (converging type).

3. | Blocles Profile type. Aerofoil type.

Admission of steam Mot all round or complete. All round or complets.

5. | Nozlea[fixed bludes Diaphram contains the nozzle. | Fixed blades similar to moving
blades attached to the casing
serve as nozzles and guide the
steam.

6. Peowwer Not much power can be | Much power can be developed.

developed.

7. Space Requires less space for same | Requires move space for same

power. power.

8 Efficiency Low. High.

9. | Suitability Eu.litahiu for small power re- | Suitable for medium and

quirements. higher power requirements.
3.19.7. Impulse Turbines




Cry = Relative velocity of steam at moving blade at entrance
Cri = Relative velocity of steam to moving blade at exit

o = Angle with the tangent of the wheel at which the steam with velocity C) enters. This
is also called nozzle angle ,

B = Angle which the diﬂhlrghlg steam makes with the tangent of the wheel at the exit of
moving blade

0 = Entrance angle of moving blade

$ = Exit angle of moving blade,

¢
Er‘ F':'Il
- 2]
-
I— '-'-h:—-l
I Cw
Cpi
ol —

0 *':fu

Fig. 3.86. Velocity diagram for moving blade.
The steam jet issuing from the nozzle at a velocity of ' impinges on the blade at an angle a.
The tangential component of this jet [Em,} performs work or the blade, the axial component (C,)
however does no work but causes the steam t""_ﬂ“w through the m"hi!lﬂ- As the blades move with a
tangential velocity of Cj,, the entering steam jet has a relative velocity Cyp, (with respect to blade)

which makes an angle 0 with the wheel tangent. The steam then glides aver the blade without any
shock and discharges at a relative velocity of C, at an “l:'ﬂ'lﬂ‘ ¢ with the tangent of the blades. The
relative velocity at the inlet (Cy,) is the same as the relative velocity at the outlet (Cy, ) if there is no

frictional loss at the blade. The absolute velocity (Cy) of leaving steam make an angle fi to the tangent
at the whee].

Te have convenience in solving the problems of turbines it is a comman practice to eombine
the two vector velocity diagrams on a commen base which represents the blade veloeity ((),;) as shown
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Fig 3.87

13.19.7.2. Work done on the Blade
The work done on the blade may be found out from the change of momentum of the steam jet

during its flow over the blade. As earlier discussed, it is only the velocity of whirl which performs
work on the blade since it acts in its (blade) direction of motion.
From Newton's second law of motion,

Force (tangential) on the wheel = mass of steam x acceleration

= mass of steam/sec. x change of velocity

=m, (Cw, = C,) ..(3.39)
The value of Cy, is actually negative as the steam is discharged in the opposite direction to

the blade motion, therefore, due consideration should be given to the fact that the ralues of ﬂdr, xrud

Cy,, are to be added while doing the solution of the problem.

Work done on blades/sec. = I-'urm = distance travelled/sse.
= J"FI-, tr;_p: L ﬂw“} X ﬂbf

= m, (Cy, + Cu) Cui

o e e bl oy .(3.40)
1 " Cw = Gy + Cugd
Work done on the blade

Blade or diagram efficiency = Erisny supplisd to the bisds

iy (Cuoy + Cuy) - Cot
: mCyE
20y l'l:',,;r1 +Cy )
o
is the 1::::::;2?; Er:raf::mdﬁ m m;‘ nozzles, then (k) - hg)

Power per wheel

ol 3.41)
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13.19.7.2. Work done on the Blade
The work done on the blade may be found out from the change of momentum of the steam jet
during its flow over the blade. As earlier discussed, it is only the velocity of whirl which performs

work on the blade sinee it acts in its (blade) direction of motion.

From Newton's second law of motion,

Foree (tangential) on the wheel = mass of steam x acceleration
= mass of steam/sec, = ::ha.n;u of velocity

= 1y (G = ) -

The value of Cy,, is actually negative as the steam is discharged in the opposite direction to

the blade motion, therefore, due consideration should be given to the fact that the values of Cyy, and
(. are to be added while doing the solution of the problem.

Work done on blades/sec. = foree = distance travelled/sec.

- r.'ﬂl {r"l-l.l‘:l + GH-'U, {'}J;

Power per wheel
my Cyy Chi
= —1# kW (3. 400
("' Cws= Cul| + ﬂ“r,ﬂ
Work done on the blade

Blade or l‘.ﬂlll"llll efficiency = Energy Eﬂp’pllﬂtl to the blade
m, I_ﬂu,l +Cy) . Cy
g mCp
20 (Cup, + )
C,?
1t M vongh o sings ¥ Lo Phng bt i o the e, thes (B —hg

A 3.41)




. Stage efficiency, work done on blade per kg of steam

"letag = Fotal energy supplied per kg of steam

) Cu fﬂml + Cyy) +(3.42)
T (hy-hg)

c,?
2k - hs)
Taiuge = blade efficiency x nozzle efficiency
2 Cy {ﬂuq + Ciyp) ['_.'12 Copt (Crpy * Cuw,)
> CT  2ki-hy) U -ho)

Now, nozzle afﬁ,.:nj,

The axial thrust on the wheel is due to difference between the velocities of flow at entrance
and outlet.

Axial force on the wheel = mass of steam x axial acceleration
= H:I., {EFI = E.Tﬁ;l -:3.43}
The axial force on the wheel must be balaneed or must be taken Py cx thrast bearing.

Energy converted to heat by blade friction
= loss of kinetic energy during flow over blades

= ﬂr'l-, (ﬂ,-]?' e Eﬁﬁ {3-"41

3.19.7.3. Blade Velocity Coefficient

In an impulse turbine, if friction is neglected the relative velocity will remain unaltered as it
passes over blades. In practice the flow of steam over the blades is resisted by friction. The effect of
the friction is to reduce the relative velocity of steam as it passes over the blades. In general, there
i a loss of 10 to 15 percent in the relative velocity. Owing to friction in the blades, )., is less than

Cy, and we may write
{:rll = K. {.:rl

where K ictermed a blade veloeity coefficient.

3.19.7.4. Expression for optimum Value of the Ratio of Blade Speed to Steam Sueed
(for maximum efficiency) for a Single Stage Impulse Turbine Spee

-(3.45)

Refer Fig. 3.87.
Co=PR=MP+MQ=C, c0s0+C, cosg
l"l"{:r“mﬂ'.
- Jrlm'E Erl cos [

= Cp, cos0(1+ K. Z), where Z - 205 ¢ .
eos 0 i)

Generally the wngles 0 and ¢ are nearly equal forimpulse turbine and henee i
assumed that Z ix a constant. nee it can “fﬂhr be
But, t.'.',lcmﬂ=Hf"=LP-fM2f-'1 COS iz —

From equation (i), O, = (€7 cosv = Gl + K, 2)

Gy



. 2Cy .C,
We know that, Blade efficiency, v, = __-.{"I_lﬂ__
2C (C) cos a - C)(1 + KZ)
N = C.2
= 2(p cos a - p?)(1 + KZ) i)
= 2p (cos a - p)(1 + KZ) S
= -2 is the ratio of blade speed to steam speed and is commonly called “T
where p = C,
ratio”.

e —— =

..(rt)




3.19.8.2. Degree of Reaction (R,)

The degree of reaction of reaction turbine stage is defined as the rafio of heat drop over moving
hlades to the total heat drop in the stage.

Thus the degree of reaction of reaction turbine is given by,
R, = Heat drop in moving blades
Heat drop in the stage
- M:m
 Ahg+ Ay,
h

as shown in Fig. 3.93.

Fixed Moving

Saluration
line

[ ))

Ah,  Ahm

(a) (b)



3.19.9. Turbines Efficiencies

1. Blade or diagram efficiency (1,). It i the ratio of work done on the blade per second to
the vnergy entering the blade per second.



+ 2. Stage 'Ef!iﬂlﬁﬂ"-'-'}' (Mstage)- The stage efficiency covers all the losses on the nozzles, blades,
dlaphr.ﬂgIIJE and discs that are associated with that stage.
s net work done on shaft per stage per kg of steam flowing
adiabatic heat drop per stage
_ Det work done on blades - disc friction and windage
adiabatic heat drop per stage '

3. Internal efficiency (Minternad. This is equivalent to the stage efficiency when applied to

the whole turbine, and is defined as 2€2t converted into useful work
total adiabatic heat drop

4. Overall or turbine efficiency (Moveran)- This efficiency covers internal and external losses ;
for example, bearings and steam friction, leakage, radiation etc.
Work delivered at the turbine coupling in heat units per kg of steam

. Moisait * total adiabatic heat drop
5. Net efficiency or efficiency ratio (1,.¢). It is the ratio
brake thermal efficiency

thermal efficiency on the Rankine cycle
Also the actual thermal efficiency

_ . heat converted into useful work per kg of steam
" total heat in steam at stop valve - water heat in exhaust

Again, Rankine efficiency

L adiabatic heat drop
~ total heat in steam at stop valve — water heat in exhaust '
_ heat converted into useful work

Tlnet = ™% ,tal adiabatic heat drop

Mnet = Noverall.

- - L] .. a ] a W e R I & ro- - ] £

Hence



tFExample 3.14. [n an impulse turbine (with a single row wheel) the mean diameter of the
blades 1s 1.05 m and the speed is 3000 r.p.m. The nozzle angle is 18°, the ratio of blade speed to steam
.'r|:'n-r-!r:r.||| s 0.42 and the ratio r.:f.t‘.he relatine velocity at outlet from the blades to that af inlet is 0.84. The
ontlet angle of the blade is to be made 3° less than the inlet angle. The steam [low is 10 kg (s, Draw
the velocity dingram for the blades and derive the following :

(1) Tangential thrust on the blades
(if) Axial thrust on the blades

(tet) Resultant thrust on the blades
(i) Power developed in the blades

() Bladingefficiency.
Solution. Mean diameter of the blades, [) = 1.05m

Speed of the turbine, N = 3000 r.p.m.
Nozzle angle, a=18*
Ratio of blade speed to steam speed, p =042
r
Ratio, T = (.84
Outlet blade angle, .‘ =0-3°
Steam flow rate m, = 10 kg's.
ADN  mx 1.05 x 3000 _
Blade speed, Cri="gg = 50 = 164.5 m/s
Car _ :
But = El— =0.42 [E]“HI:I}
Co 1845 _
Ci=G4z~ 04z - 2™
With the data, Cy = 392 m/s ;
a = 18°, complete ALMS
g = 30° (on measurement) ‘
¢=30"-3=27"

Now complete the ALMN by taking ¢ = 27° and Cy, = 0.84 C,..
Finally complete the whole diagram as shown in Fig. 3.103.



|
Cw=390m/s. ;

r C

Fig. 2.103
(t) Tangential thrust on the blades

=mn, {{:‘"I + [:m“] = 10 x 390 = 3900 N. Ans.
{s2) Axial thrust

= m, (Cr, = Cp) = 10 (120 - 95) = 250 N. Ans.
(22:) Resultant thrust

= V(3900)2 + (250)° = 3908 N. Ans.
(i) Power developed

’ﬁw {Eﬂ.i'] + ﬂ“-'n] " EH 10 = 390 = 164.5
_ . =060 = 84155 kW. Ans.

(v) Blading efficiency

204 (Cywy +C) 2 164.5 x 390
: = — = B3.5%. Ans.
c? 392? e
Example 3.15. In a stage of impulse reaction turbine ;m:-lfiried with single row w heel, the mean
diameter of the blades is | m. It runs at 3000 r.p.m. The steam issies from the

’ . nozzle at a velocity of
350 m /s and the nozzle angle is 20°. The rotor blades are equiangular. The blade friction factor is
0.86. Determine the power developed if the axial thrust on the end bearing of o

Ty =

rotor is 118 N.
Solution. Mean diameter of the blades, D=1m
Speed of the turbine, N = 3000 r.p.m.
Velocity of steam issuing from the nozzle, Cy = 350 m/s
Nozzle angle, .ﬂ. = 20°
Blade angles, 0=¢
Blade friction factor, K =0.86
Axial thrust =118N
Blade, velocity, Cip = n;"a.:}.l"-’ -t I;HEMD = 157 m/s

—With the data, €, = 167 m/s, C) = 3560 m/s, @ = 20" draw the ALMS (Fig, 3.104).
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Fig. 3.104
By measurement, 0 = 35°
Since the blades are equiangular, 0 = $ = 36°
—Now with ¢ = 35° and C,, = 0.86.Cy,, complete the ALMN.
On measurement, Cr, =122 m/s, Cp, = 102.5 m/s
Also,. axial thrust = m, (Cr, - Cp) = 118
118 118
"= G- Cpy - (120 - 102.5) - 1+ kgfe
Further in this case, C,= Cuw, + Cyp, = Cp, + (= Cyy,) = 320 m/s
my (Cig, + Cyy,) % C,
Now, power developed, P= fulm ﬂf; £y o
= 6.74 x 320 x 157 - 338.6 kW. Ans.

1000



oo ]
T P ppelt Fmabice fowpe o ragle 2§ oD
ot Blodes T pocw  Oné fe srad @ Qoo ripm Te nerzle
”“E’L‘ v 187, e Tetio fff Llodg rpad -}c' {2t Jym:f 042

frir T ¥lede s

5 of oot g
ﬁhfuhmndg 1o

¥e  weon  diesafie

Tre o0 d e st vt ot

’F} M 5""1_ "}'I'ff.-'* i ﬂ-g"-} . "ﬁ.f'l MJEJ_
w wed_ 3° tey tuam He miUf ongle + The  sHOm Lins
o fee Elo doa ond, derie

| R antsia di oy

o i/
T e %:fwy '
P PRSI 4 Llades -
% Tighutal. 4 ne Bledes

G Al Mt 7
' : o bfeded .

@ E.EN:IJH[ E.gfﬂi'-\’_ﬂu? \ c
hapt Dls BOF B, HE SRR o4 90 pk . 042

' E’I
,_‘:'._'tq—'-,_‘-ﬂ.f,q_ ;_(_P:' _E_.]n ,'"“ .I"II""IF:‘ ]ﬂ g-/ﬁ]‘-

'I:-"'I"[
ey TAeSR el s )

: 60 N &0 = 0

A
= 12 - 192 /e

042 4 |

(i o 1§ - Cwi
> :

T O} E
Cj

% Cuj - 392 s i@ 393 "i"t |

|
G g x s 3922 Sl -1 M



fong = 5 _ , -
Cont — (u 2 - . ”j.d‘ - -ﬂ-r,f'f
= 791 - £4 5
..-> 8: Eﬂ'!LTE'E. Tﬂn
%" d] 8 9""] - E-:rrﬂ /
L i
Ori :"'J f:,;_[ll T’@u[—bﬂ.}?" ;vill-!ﬂ' v g é’”" H*‘F} o
- 2411 njhet

Cro = Cal ) ‘ol RanVa Cry = nor Sy fhlh:,,
C fo ya im{_E? . e g Gae¥ = A1z 9% Hfb:__
s 27 -—M‘]-'T: s - 9% “‘)’H

Cui = Cyp s @ — 0~
Gy el Mot B 1 s = M3 (Lo} Cee)
= (331 w4y T BEEAE C 3390 " .
i) pgal M mg  (C§i — (1o)
10 CTLI'H. ~ H4) =2 99109 H .-
‘ @" ) Rasmttend g 1 = "J'*LE‘HUQ“] aaial = SN,
@ ?_@‘_H Aatogh = m Cﬂui-ﬁrﬂwa) (Y]
o (1931 1944 b 1648 ¥
i = tho WO
9 g CCwoi+ Co)

| - | 90
@ fils-cng ety S S o
e ,‘f_:a-:ggo,'
- v = 23- 287

]ﬂL'L



4.4 SITE SELECTION

A few important factors to be considered for selecting a site for thermal power station ars
discussed hercunder:

1.

3.

Availability of coal. The major source of energy which is available in India fir
thermal power plants is coal. Since large quantity of coal is required for a thermal
power station (about 5,000 to 6,000 tons per day for a plant of 400 MW capacity), itis
necessary to install the power station near the coal mines. In this case, generated
power is transported to the long distances through high voltage transmission lines. If
the plant is located at the some distance from the coal fields, it should be connected by
rail to the coal mines for economical transportation.

Ash Disposal Facilities, The ash removal is a major problem in India, because the
coal available for power generation contains large percentages of ash (20 to 40%)
Therefore, a huge quantity of ash is required to be handled. Ash handling problem is
more serious as it comes out in hot condition, is highly corrosive, and pollute the
atmosphere. Therefore, sufficient space must be available to dispose off large quan-
tity of ash. Presently efforts are being made to use ash in road construction, brick
making and other processes, '

Availability of sufficient and cheap land of required quantity. Sufficient land
at cheap rates should be available. The land should include the space required for
coal storage, ash disposal, plant building, machinery, cooling towers, switch yard,
office complex, staff colony, provision for future expansion, and for other purposes.
The selected site for power plant should have good bearing capacity so as to with-
stand the dead load of the plant, forces transmitted due to machine gperation an
wind velocity ete.

Availability of water. A large quantity of water is required for condenser, disposal
of ash, as feed water to the boiler and for the use by working staff. Although 1arg®
savings in the water requirements have been effected by the use of large and high'y
efficient conerete cooling towers and multistage feed water heating for large redu®
tions in the quantity of cooling water required.

A 200 MW thermal power station requires about 50 thousand tons/hr of cirﬂﬂ]ﬂitii;::
water for condenser and about 1000 tons/hr of make-up water. Even when co0



o m

10.
11.

towers are employed a sufficient
sary. The water required to feeq
ing in the boiler tubes. A large
the ash, if hydraulic system is

quantity of water to provide for make-up is neces-
the boiler must be as pure as possible to avoid scal-

quantity of water is also required for the disposal of
used.

In view of the above, it is ne
source which will be able t
year.

cessary to locate the thermal power plant near the water
0 supply the required quantity of water throughout the

Transport facilities, Trg

nsport is also an important consideration in lﬂcﬁting the
thermal power station. It

: is always necessary to have a railway line available near
the coal nging in heavy machinery for installation and for bringing
e coal.

AVHilﬂ!Jilit}’ of labour. Cheap and sufficient labour should be available at the pro-
posed site for construction of the plant. '

Distance for populated area. Since smoke, dust, fly ash and other gases produced
due to combustion of coal pollute the atmosphere, the plant should be situated, as far

as possible, away from the densely populated area. This is also necessary to avoid
nuisance due to heat discharged from the power plant.

The site selected should be capable of supporting a large building and heavy machin-
ery.
Avoidance of obstruction to flying in the vicinity of aerodromes.

There should be no adverse effect on fisheries and other species in the river due to
cooling water.

The location of the site in relation to the defence requirements.

Main wind direction and water currents in cooling water source (sea, lake or river) in
order to minimize air and water pollution and other ecological considerations.



PART C — COOLING WATER SYSTEMS

8.25 INTRODUCTION

Heat rejected in a condenser is taken up by the water. As water comes out of the con-
denser, it gets heated and in case no natural source of water is available, the same water may
be recirculated through the condenser (known as closed system), after cooling. The quantity of
water required is considerably high. A 100 MW plant may require about 300,000 kghour of
steam to be condensed in the condenser corresponding to this quantity of cooling water re-
quired will be something like 1000 tons'hr. Site conditions determine the method to be used for
supplying the cooling water to the condensers, and may be one of the following systems:

1. River/sea or canal/lake water system.
2. Combined river and cooling water system,
3. Cooling tower or spray pond system.
As we have already discussed that a condenser is a device in which exhaust steam from
steam turbines is condensed and the heat energy given up by the steam during condensation 18

taken up by the cooling water. The water coming out of the condenser is hot and is cooled in
order that it may be recirculated through the condenser,

Availability of cooling water predominantly decides the plant site. The high cost of water

makes it necessary to use cooling towers for the water coming out of condenser, in a closed
system, before it is used again,

Condpnger
8.26 TYPES OF WATER COOLING SYSTEMS FN
1. Direct use of river or sea. i N
Large power stations require enough quantity of cooling
water per hour. Such plants are usually located near a river or
sea. The water is constantly drawn from the river by the pump, gy
filtered and circulated through the condenser. Hot coolant is
discharged back into the river (Fig. 8.37) —
2. Cooling ponds. —  Hiver e
In this system (Fig. 8.38) warm condensing water from the e

T e et

condenser is sprayed through nozzles over a pond of large area
and cooling effect is mainly due to evaporation from the surface
of water. In this system sufficient amount of water is lost by evaporation and windage.

Fig. B.37.

Some of the factors which influence the rate of heat dissipation from a cooling pond are as
follows :

(i) Area and depth of pond
(ii)} Temperature of water entering the pond
(iit) Atmospheric temperature
(iv) Wind velocity
{v) Relative humidity
(vi) Shape and size of water spray nozzles.



Cooking-pond

Fig. 8.38. Cooling with spray arrangemeant.

The ponds should be placed where the prevailing winds are not obstructed. The spray of
water, as it comes in contact with atmospheric air, loses its heat and cold water is recirculated,

3. Cooling towers
The different types of cooling towers are as follows :

1. Atmospheric cooling tower.
2. Natural draught cooling towers,
3. Foreed or induced drought eooling tower.

Atmn?phla:rin cooling tower, In this cooling tower hot water is allowed to fall over lou-
vers. The air flowing across in transverse direction cools the falling water. These towers are

used for small capacity power plants such as diesel power plants. Fig. 8.39 shows an atmo-
spheric cooling tower.

Natural drought coaling towers. In natural draught cooling tower, the hot water from
the condenser is pumped to the troughs and nozzles situated near the hut;:u
the water which falls in the form of droplets into a pond situated at bottors. of
enters the cooling tower from air openings provided near the il r*isem 0
heat of falling water. . 8

m. Troughs spray
the tower. The air
upward and take up

ki
Tiliwiiim

[LILEE LI
(TR TTTRT]
(LI TTTT]
imiminni

[T

Fig. B.39. Atmaspheric cocling tower,

Flg. 8.40. Cooling tower with turbine.



Fig. 8.41. Hyperbolic cooling tower.

Cooling towers may be made up of timber, concrete or steel. A concrete hyperbolic cooling
tower is shown in Fig. 8.41. Fig. 8.42 shows the water circulation from the cooling tower to the
condenser. Fig. 8.40 showa.the cooling tower in which the position of turbine has also been
shown. The system consists of turbine, condenser. Circulating pump, tank, additional water
pump and sprinkling unit.

Hyperbolic towers offer
greater resistance to wind pres-
sure, eliminates shearing stresses
and internal bracing, thus avoid-
 ing the formation of eddies. With
' the widening of the top of chim- -
ney permits condensation within Condensers
the tower. It also avoids local fog-
ging and warm air circulation. .
Chimney shape also create its Fig. B.42. Water circulation.
own drafl, assuming efficient op-
eration.

The air is delivered through the holes in the side walls of the tower. The circulating water
is delivered to the upper part of the watering unit where it flows down and gives its heat to the
surrounding air. The cooled water flows into the tank and is circulated through the condenser.
Towers made up of the concrete are preferred because they are stable against larger air pres-

sure, their maintenance cost is low and
Spray edminator Hox air they have larger capacities.

Forced draught cooling towers.
In this tower draught fan is installed at
the bottom of tower. The hot water from
the condenser enters the nozzles. The
water is sprayed over the tower filling
clats and the rising air cools the water, A
forced draught cooling tower is shown in
Fig. 8.43.
% The various factors that affect cool-
Caich basin ing of water in a cooling tower are as fol-

Fig. 8.43, Forced draft cooling tower. : lows :




(1) Size and height of cooling tower.
(it) Velocity of air entering the tower.
(itt) Temperature of hot water coming out of condenser,
(iv) Temperature of air,
(v} Humidity of air,
(i) Accessibility of air to various parts of cooling tower.
Mechanical draft cooling towers may be forced draft cooling towers or induced draft tow-
ers. Fig. 8.44. shows an induced draft cooling tower. The hot water is allowed to pass through
the air flowing upward in the counter direction. The draft fan installed at top of tower draw air

through the large openings in the tower. The air moving the upward direction cools the water,
Induced draft towers produce less noise.

In the cooling tower water cools by :

(i) evaporation. (1) heat transfer to the air.

Mol ar

Fig. 8.44. Induced draught cooling tower.

Most of the cooling (about 75%) takes place by evaporation. Make up water should be
continuously added to the tower collecting basin to replace the water lost by evaporation and
spray carry over.
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11.4 SITE SELECTION

In taking a decision on locating a new nuclear power plant, the following points have to be
kept in view:

1.

Availability of water. At the power plant site an ample quantity of water should be
available for condenser cooling and make up water required for steam generation.
Therefore the site should be nearer to a river, reservoir or sea.

Distance from load centre. The plant should be located near the load centre. This will
minimise the power losses in transmission lines.

Distance from populated area. The power plant should be located far away from popu-
lated area to avoid the radioactive hazard.

Accessibility to site. The power plant should have rail and road transportation facili-
ties.

Waste disposal. The wastes of a nuclear power plant are radioactive and there should
be sufficient space near the plant site for the disposal of wastes.

Safeguard against earthquakes. The site is classified into its respective seismic zone
1, 2, 3, 4, or 5. The zone 5 being the most seismic and unsuitable for nuclear power
plants. About 300 km of radius area around the proposed site is studied for its past
history of tremors, and earth-quakes lo assess the severest earth-quake that could
occur for which the foundation building and equipment supports are designed accord-



ingly. This ensures that the plant will retain integrity of structure, piping and equip,
ments should an earthquake occur. The site selected should also take into account
external natural events such as Noods, including those by up-stredam dam lailures any
tropical eyclones,

7. Foundation condition. The substrata must be strong enough to Eu[‘!’“ﬁ the heavy
reactor which may weigh as high as 100,000 tons and imposed nearing pressure of
around 50 tons per square meter. Therefore, it is necessary to select a site with good
foundation conditions Lo aveid the dangers of different settlements.

The most important consideration in selecting a site for a nuclear power plant is to ensure
that the site-plant combination does not pose radiological or any hazards to either the public,
plant personnel on the environment during normal operation of plant orin the unlikely event of
an accident. '

The Atomic Energy Regulatory Board (AERDB) has stipulated a code of practice on safety in
Nuclear Power Plant site and several safely guidelines for implementation. :

[n order to study prospective sites for a nuclear power plant the Department of Atomic
Energy (DAE) of vur country appuointis a site selection committee with experts from the following;

(i) Central Electricity Authority (CEA).
(1) Atomic Minerals Division (AMD).
titi) Ilealth and safely group and the Reactor Safety Review group of the Bhabha Atomic
Research Centre ( BARC).
(iv) Nuclear Power Corporation (NPC).

The committee carries out the study ol sites proposed. The sites are then visited, assessed
and ranked. The recommendations of the committee are then forwarded to DAR and the Alomic
Energy Commission (AKC) for final selection.

The trend is to locate a number of units in a cluster at a selected site. The highest rated
units in India are presently of 500 MW, The radiation dose at any site should not exceed 100
milligram per member of the public at 1.6 km boundary.



11.19 INDIA’S 3-STAGE PROGRAMME FOR NUCLEAR POWER DEVELOPMENT

The nuclear ene ; . o
phases: TEY programme in India has been visualised to grow in following three

5 .
, I ll:js;i 1—Construction of naj.ural uraniun fueled, heavy water moderated and heavy wa-
I CO0 ermal reactors producing electricity and plutonium.

Pl.:l.asﬁ 2—Construction of FBRs which utilize plutonium and depleted uranium, the by-
E;m_itucl.s of phase-1 reactors. FBRs produce more fuel than they consume while supplying elee-
city.

Phase 3—Use of thorium by converting it Lo uranium.

11.20 SAFETY MEASURES FOR NUCLEAR PLANTS

Nuclear power plants should be located far away from the populated area to avoid the
radioactive hazard, A nuclear reactor produces ¢ and B particles, neutrons and y-quanta which
can disturb the normal functioning of living organisms. Nuclear power plants involve radiation
leaks, health hazard to workers and community, and negative effect on surrounding forests.

At nuclear power plants there are three main sources of radioactive contamination of air;

(i) Fission of nuclei of nuclear fuels.
(ii) The second source is due to the effect of neutron fluxes on the heat carrier in the

primary cooling system and on the ambient air.
(iii) Third source of air contamination is damage of shells of fuel elements.

This calls for special safety measures for a nuclear power plant. Some of the safety mea-
Sures are as follows:

(i) Nuclear power plant shoul
(ii) Quality of construction sho
(iii) Wastie water [rom nuclear p
The water purification plants must h
satisfy rigid requirements as regards
burial.

d be located away from human habitation.
uld be of required standards

ower plant should he purified.
ave a high efficiency of water purification and
the volume of radioactive wasies disposed to



(iv) An atomic power plant should have an extensive ventilation system. The main py,
pose of this ventilation system is to maintain the cqnmntratmn of all radioactiy,
impurities in the air below the permissible concentrations.

(v) An exclusion zone of 1.6 km radius around the plant should be provided where y,
public habitation is permitted.

(vi) The safety system of the plant should be such as to enable safe shut down of ty,
reactor whenever required. Engineered safety features are built into the station 4
that during normal operation as well as during a severe design basics accident th,
radiation dose at the exclusion zone boundary will be within permissible limits as per
internationally accepted values.

Adoption of a integral reactor vessel and end shield assemblies, two independent shyy
down systems, a high pressure emergency core cooling injection system and total double cop.
tainment with suppression pool are some of the significant design improvements made in Narora

Atomic Power Project { NAP'P) design. With double containment NAPP is able to withstand
seismic shocks.

In our country right from the beginning of nuclear power programme envisaged by our
great pioneer Homi Bhabha in peaceful uses of nuclear energy have adopted safety measures of

using double containment and moderation by heavy water one of the safest moderators of the
nuclear reactors.

(vii}) Periodical checks be carried out to check that there is no increase in radioactivity than
permissible in the environment.
{viii) Wastes from nuclear power plant should be carefully disposed off. There should be no
danger of pollution of water of river or sea where the wastes are disposed.
In nuclear power plant design, construction, commissioning and operation are arrived out
as power international and national codes of protection with an over-riding place given to regu
latory processes and safety of plant operating personnel, public and environment.

11.21 NUCLEAR WASTE MANAGEMENT

Waste disposal problem is common in every industry. Wastes from atomic energy installa-
tions are radioactive, create radioactive hazard and require strong control to ensure that radio-

activity is not released into the atmosphere to avoid atmospheric pollution.

The wastes produced in a nuclear power plant may be in the form of liquid, gas or solid and
each is treated in a different manner.

Liquid Wastes. The disposal of liquid wastes is done in two ways:

(i) Dilution. The liquid wastes are diluted with large quantities of water and then released
into the ground. This method suffers from the drawback that there is a chance of contaminatio?
of underground water if the dilution factor is not adequate.

(ii) Concentration to small volumes and storage. When the dilution of radioactive liquid
wastes is not desirable due to amount or nature of isotopes, the liquid wastes are concentra
to small volumes and stored in underground tanks. The tanks should be of assured long ter™
strength and leakage of liquid from the tanks should not take place otherwise leakage or €07
tents, from the tanks nay lead to significant underground water contamination.



Gaseous Wastes. Gasegus wastes can most ea
eous wastes are generally diluted with air,
sphere through large stack (chimneys),

sily result in atmospheric pollution. Gas-
Passed through filters and then released to atmo-

with radioactive matter. These wastes if combustible are burnt and the radioactive matter is

mixed with concrete, drummed anq shipped for burial. Non-combustible solid wastes, are al-
ways buried deep in the ground,



13.1 INTRODUCTION

Water is the cheapest source of power. It served as the source of power to our civilization

in its earlier days in the form of water wheels. Faraday's discovery of electricity has proved tobe |
very useful to use water for producing electric power. A hydro-electric power plant is aimed al

harnessing power from water flowing under pressure

Hydro or water power is important only next to thermal power. Nearly 30% of the total
power of the world is met by hydro-electric power This was initiated in India in 1897 with a run

of river scheme near Darjeeling. The first major hydro-electric development of 4.5 MW capacity |
named as Sivasanudram Scheme in Mysore was commissioned in 1902, In 1914 a hydro power

plant named Khopaoli project of 50 MW capacity was commissioned in Maharashtra. Up to 1947

the hydro power capacity was about 500 MW
Water power has some inherent advantages as follows:

(i)

(11)
(e

(L)
i)

(vi)

Running cost of hydro power plant is low as compared to steam power plant or nuclear
power plant of same capacity.

The hydro plant system reliability is greater than that of other power plants.

The hydraulic turbines can be put off and on in matter of minutes. Nuclear power
plants and steam power plants lack this facility.

Modern hydropower plant equipment has a greater life expectancy which is about 50
years or more whereas as nuclear power plant has an effective life about 30 years

Steam power plants have problem of ash disposal whereas hydro power plants ha™

no comparable problem.
Modern hydro generators give very high efficiency over a considerable range of load

Although the eapital investment of a hydro-electric power plants is more but the ﬂpemﬁl‘{j
cost of this plant is minimum as compared to other power plants and power produced b¥ th

A



tht is L'hEEP"?" u“lfi the power E_L‘HEI'E'LEI:I by other power plants using coal. oil ete. Besides
power generation this plant is quite useful for irrigation and flood control. This plant can be
ysed both as base load plant and peak load plant.

A schematic EEi:ul.?TElm of hydro-clectric power plant is shown in Fig. 131 Waler surlace in
{he storage reservoir is known as head race level or simple head race. Penstocks or canals arv
usad Lo hﬂ-ﬂE water from the dam of the turbines filted in the power house which 1s buily at
some lower level. Penstocks are made up of steel, wood or reinforced concrete. Water conters
the turbine through: the inlet valve. Hydraulic turbines convert the potential energy of waler
into mechanical energy. The mechanical energy developed by the turbine is used in runn ing the
electric generator which is directly coupled to shaft of the turbine.

Crabe luvidrit
ZIFERE

Fig. 13.1, Lavout of fiydna powa plan

Water power can be divided into two tvpes as follows:

i) Primary or [irm powoer fif) Secondary or surplus power.

Primary power is Lhe power corresponding o minimum stream flow with due consider-
ation to the ellects of poundage and load factor, It is the power alwayvs available to supply the
load. The secondary power is available only when quantity of water and storage are sulficient.

Hyidro power is a conventional renewnble source of energy which s elean, [ree from posllu-
Lion and generally having good environmental elfect. The pace of utilization of hyvdeo potenLial
during the last docades has been slow compared Lo total energy development. Larpe invest-
ments, long gestation period und increased cost ol power transmission are major obstacles in
the utilisation of hydro power resources.

Hydro power is important next to thermal power. About 30% ol total pewer of the world is
med by hydro electric power plants. The total hydro potential ol the world is about 5000 GW
There are some countries in the world where almost entire power generation is hydro-based.

Far example in Norway the hydropower forms 99% of total installed capacity.
Power putput from a hydro power plant depends on the following three factors:

(i) Ilead (ii) Elliciency | fue) Discharge.
Power generation mainly &qunds upon the quantity of water available,

When rain water falls over the carth’s surface it possesses potential energy relative Lo the



oceans towards which it flows. This energy can be converted to shaft ‘_"-’ﬂrk where th, -
drops through an appreciable vertical distance, As water falls , its potential energy i COnyg,
into kinetic energy and then kinetic energy is converled to the mechanical energy by 5 iy,
the water to flow through the hydraulic turbine runner. This mechanical energy is thep Uil
to run an electrie generator which is coupled Lo the turbine shaft. :

The power developed can be calculated by using the following formula,

HP? = MHH
75

where,

W = Specific weight of water in kg/m® (=1000)

Q = Rate of water flow in m¥/sec.

ft = Height of fall or head in m,

n = Efficiency of conversion of potential energy into kinetic energy.

13.2 APPLICATION OF HYDRO-POWER PLANTS

Hydro electric power plant can be used as independent power plant. But this will requir
large amount of water to be stored and at the times of low water flows the hydro power plant
will not be able to meet the maximum load as otherwise the maximum capacity of the station
has to be based on the maximum flow of water and this will not prove to be economical. There
fore, the present trend it to use hydro electrical power with a steam power station in an inter-
connected system. This will result in reduction in capital cost of hydro electric power plant as
the size of reservoir may be reduced. In the interconnected system at times of low water ows
the hydro-power plant can be used as peak load plant and base load should be supplied by
steam power plant whereas during periods of high water flows the steam plants and hydro
plants reverse their roles, the hydro power plant taking the base load and steam power plant

supplying the peak load.

Following are the major applications of hydro plants { multi-purpose hydro power projectst
Generation of electric power

Storage of irrigation water.

To control the floods in the rivers.

Storage ol drinking water supply.

Navigation.

Fish and wildlife development

Recreation ele.

N oo a LN

When two or more of the above uses of water are combined together while designing*
multipurpose project, increased benefits without a proportionate increase in the costs may
obtained, thus enhaneing justification of the project.

13.3 ADVANTAGES HYDEL POWER PLANTS
Advantages

The major factor which go in favour of hydro-electric power plant are as follows:



Water is the cheapest and reliable source of generation of electric power because it
exists as a free gift of nature.

9. There are no ash disposal problems, Also the atmosphere is not polluted because no
smoke is produced in this plant.
3. No fuel transportation problem.
4. Itcan take up the loads quickly and it is eapable of meeting the variable loads without
any loss in efficiency.
5. Its maintenance cost is low,
. It requires less supervising staff,
7. Auxiliaries needed in the plant are less as compared to steam plant of equal size.
8. Running cost of the plant is low.
9. In addition to the power generation such plants are used for irrigation and flood
control purposes also.
10. Hydro electric power plants have become economic competitors with steam power
plants and will acquire more economic advantage with the rise in price of coal and oil.
11. The life of the plant is more and the effect of age is comparatively small on the overall
efficiency of the plant.
12. These can be started and stopped very quickly.
13. Unforeseen outages are less frequent.
14. Plant has no standby losses.
15. As no fuel is required, no expenditure on material, material handling, storage and
disposal of waste.
Disadvantages

The various disadvantages are as follows :

1.

The power duced by the plant depends u;turlI qu_ant_ity of water which in I:ur1n is
dﬂpeﬂdent Exn the rainfall, so if the rainfall is in time and proper and the required
amount of water can be collected, the plant will function satisfactorily otherwise not.
Hydro-electric plants are generally situated away from the load EEI‘I-'LI’EIE. The:,* require
long transmission lines to deliver power. Therefore, the cost of transmizsion lines and

losses in them will be more.

3. Initial cost of the plant is high. | ]
4. It takes fairly long time for the erection of such plants.

13.3.1 Cﬂ-n'jpaﬂsun of Hydl'ﬂ EIEG“'I'I': Power Plant and Steam Power Plant
L. Theinitial cost (of land, dam, diversion works, water rights, rail, road and generating

;- power plant is nearly twice (or I:IH:::'EJ as that of steam power
];%:E;jt;f:qz};]dfﬁie ;:,r: tl:ple Jabour, maintenance and repair costs of hydro-plant are
much less than thl:a stream power plant. In hydro-plant I:he cost of dam a:_n:! water-
ways constitute the major portion of plant costs. Depending upon the conditions the

Crs..
t vary from Rs. 5 Crs. to 7 .
;‘u:: :fi:ﬁiziliimﬁa the fixed charges for the hydro-power station usually vary

from 9 to 12%.



The fixed charged for a steam power plant are higher and may be assumed from 19 tn 145
This is because of greater proportion of equipment and machinery costs and the dEPl'Ec:-iatiuﬁ

Interest 6%

Depreciation 2%
Taxes and insurance 1%
Total 9%

charges are relatively high.

J,

It is easy to locate steam power plant near the load centre and this eliminates y,
need for long transmission lines and thus transmission cost is less whereas py,,

generated by a hydro plant is to be transmitted over longer distance and henee 4
greater cost.

The time to put the most steam power stations into operation is nearly 5 to 8 hoyy
whereas a hydro electric power plant can be put into operation in very short Litme
ranging from few seconds to 3 or 5 minutes. Thus where power is to be supplied boty
by hydroelectric power plant and steam power plant, the steam power plant should be
used as base load plant and hydro-power plant should be used as peak load plant.
The efficiency of steam power plant drops as it gets older.

Steam power station can be operated as desired to suit the demand of the load system
whereas power to be generaled from hydro-plant is dependent on the quantity of
water available in the storage,

The cost of transportation of fuel js quite high in case of steam power plant.

As compared to steam power plant the hydro-electric generation is the cleanest and
most simple,

13.4 SELECTION OF SITE

The ideal site will be one where the dam will have the largest catchment area to store
water at high head and will be economical in construction,

The various {actors to be considered while selecting the site for hydro-electric power plant
are as [ollows:

1.

Water available. Geological, geographical and meteorological conditions of the site
should be studied thoroughly. Daily, weekly and monthly flow water over a period of
years should be recorded. Estimate should be made about the average quantity of
water available throughout the year and also about maximum and minimum quan-
tity of water available during the year. These factors are necessary to decide the
capacity of the hydro-electrie plant, setting up of peak load plant such as steam, diesel
or gas turbine plant and to provide adequate spillways or gate-relief during the flood
period.

Storage of water. Water used in the hydro electric power plant is mainly dﬂpﬂﬂ.d&ﬂlt-“:"
the rain and since the rainfall is not regular throughout the year, therefore, it I8
essential to store water to afford a uniform output. Thus a storage reservoir is €07

structed at the site. During rainy season the excess water is stored in the reservo’

and it is released to supplement low rates of low during run-off periods to maintaf

the output. The reservoir should have large catchment area so that water in it shou



never fall below the minimum level

Head of water. Water in lar 73
! arge quant. ok . P
For a given power output ar q ities and at a sufficient head should be available.

_ increase it effsctive hand radsoos the e ants ¥ s
required to be passed throug ¢ head reduces the quantity ol water

Dist y Load h the turbines.
tstance from Load Centre. It is des; ‘
the load centres, so that 1:{]51 esirable that the power plant should be set up near

nance are low. However. i ts of erection of the transmission lines and their mainte-
thisslant wi]i ) er, in h}rdrmeh_zctric power plants it may not be possible because
ocated where sufficient quantity and head of water is available.

: éﬂc?i'is;id ity of the site. The site selected should have rail and road transportation

T{w land of site should be cheap and rocky. The ideal site will be one where the dam
will have the largest catchme

et _ nt area to store water at a high head and will be eco-
nomical in construction. After the location has been chosen the exact position of the

various structures are fixed by considering the following factors:

(a) Details of foundation conditions

(b) Requirements of head, flow demands of storage capacity

(c) Arrangement and type of following:

(i) Dam (ii) Intake system

(itt) Conduits (iv) Surge tanks
(v) Power house

(d) Cost of dam and project

(e) Transport facilities and accessibility of site.



13.6.1 Capacity of Water Flow Regulation
(&) Run of River Plant

OW is available and if the i :

.. large anti ) power plant is not able to use

thﬁl‘hls 5 as ﬁﬁ;‘:ﬁﬁ? Zﬂim :lty nfr o orois allowed to flow over dpam spillways as waste.
ere 4 o ra 25 5

jow. It is shown in Fig. 13.2 of water, the power produced by such plants will be

Travedling

Gate and intat
sinuciLing

Urafi ube— ook
Fig. 13.2 Run of river plant.

(b) Storage Plant

This type of power plants has facilities for storing water. During rainy seasons the excess
water is stored in the reservoir and it is released to supplement low rates of flow during run off

(dry) periods. The advantage of this plant is that the power generated by the plant during dry
season will not be affected.

(c) Pumped storage plant

Pumped storage plant (Fig. 13.3) in combination with hydro electrie power plant is used
for supplying the sudden peak load of short duration. The water leaving the turbines of hydro
electric power plant is stored in tail—race pond. This water is pumped back to the head race
reservoir by means of reversible pump turbine sets and is used for power generation at the peak
load time. Pump storage plants are generally inter connected with other plants such as steam
power plants. The off peak capacity of steam power station can be used for pumping water in
the head reservoir.

Fig. 13.3. Pump storage plant.

A 400 MW pumped stored plant is at design stage at Kadamparai in Tamil Nadu. This will

uilt with i;l:nnfI E.'I{_isting uppﬂrp Aliyer Reservoir at the lower pool, the l:ug%mr pool being con-

d at Kﬂdampargi river. There will be four 100 MW reversible units in an underground
€T hoyge,

be b
8



' : B{ 5:
Advantages of pumped storage plants are as follow .
* | 15 low as compared Lo other peakj :
(i) The capital cost of pumped storage plant is low al schedules of the pyrge 8 "
(i) There is a great deal of flexibility in the cperation ystem.

(iii) A pumped storage plant can pick up Inmli rapidly fmd 15 f:llieer:;fii:?elﬁ;w i .
Liv) They operate at higher load factors and improve the ove i 1€ $Ysggy

They are used as peak load piants,

Fig.13.4 shows the pumped storage power plant for peak load in conjunction with Sleay
power plant as base load plant.

Slearm pawer plard

Fig. 13.4

13.6.2. Availability of Head of Water

According to head of water availabie the hydro-
electric power plants can be classified as follows:

(a) Low Head Plant. When the operating head is
less than 15 metres the plant is named as low
head plant. This type of plant uses vertical
shaft Francis turbine pr Kaplan turbine. A
small dam is built to provide necessary head,
Alow head plant (eanal water power plant) is shown in Fig13.5

o (b) Medium Heud Plang When the op
eratng head of water is from 15 to 50 metre
the power plant is cailed medium head power
plant. This type of plant uses Francis to
bines. The forebay provided at the beginniof .
of penstock SeIvVes as water reservoir. T
forebay draws water from main reservf
: through a canal or tunnel. Forebay m“wﬁ
Flg. 13.6. Megium head plant ﬂ?E rejected water when the load on the!
bine decreases (Fig.13.6).

Fig. 13.5. Low head plant




C Hmii;t:trﬂr ; fant, When the head of water exceeds 50 metres the plant is
known as 1ead power plant, A sUrge tank is attached to the penstock to reduce

the water hammer eflect on the penstge ‘ e ‘
plants. Fig. 13.7 shows a high hﬂul:i p::w“:'f‘pf:ﬂ?" turbines are used in such power

Dam Surge lank

Fig. 13.7. High head plant

Following are the main component parts of a high head hydroelectric power plant.

(i) Reservoir (1t} Dam
(iii) Intake structure such as (@) Control gates (b) Screen
(tv) Penstock (v} Surge tank
(i) Power house {vit) Tail race channel.
dh|
High nedsd Aur wan|
oo | 1 (. 'I
NE'TJ'TIHHTEﬁEt—\::::::::: 3
cowneng === el || |
co==me=cil] B Bl
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Fig. 13.8 High pressure intake head works.



pressure intake head works. Trash racks remove flqy,

Fig.13.8 shows a typical high ate balances water pressure fo, -

submerged debris directly at the intake entrance. Filter g
ing the gate whereas air vent prevents penstock vacuum.

13.6.3. Nature of Load (or basis of operation)

Hydro-power plants are classified on the basis of load supplied as:

fa) Base load plants, and (b} Peak load plants,

fa! Base load plants. A plant supplying base load, which is more or less constant ,
known as base load plant. In such plants, generating units work on almost constag
load and their operating efficiency is usually high.

() Peak load plants. The plants which meet the fluctuating peak loads are called peg
load plants. Generally, hydro power is most suitable for peak load durations due tojt
quick starting and relatively easy in picking up the load.

13.6.4. Plant Capacity

Hydro-power plants based on the capacity can be classified as under:

(i) Micro hydel plants upto 100 kW
(i) Mini hydel plants From 101 upto 2000 kW
(iit) Small hydel plants From 2 MW upto 256 MW
(iv) Medium capacity hydel plants From 25 MW to 100 MW.
fv) High capacity hydel plants From 100 MW to 1000 MW
(vi) Super hydel plants above 1000 MW,

13.6.5. Storage and Pondage

The low head plants, that need to have a balancing reservoir to cater tfor short term flue
tuations, are provided with a pond near the power house. In run-of-river plants, the main wei
itsell provides on its up stream side of the required pondage. While in diversion canal plants
the pond is required to be created at the end of the canal in the form of a forebay reservoir
Whereas, the storage reservoir provide storage of water for long term requirements, pondag®
take care of the hour-to-hour fluctuations over a day or oceasi onally.

13.6.6 Turbine Characteristics
Hydel plants can be classified according to the turbine ch aracteristics as:
fa) High specific speed, (b) Medium specific speed, and
fe) Low specific speed, ’

13.7 MINI AND MICRO HYDRO POWER PLANTS

Pto 100 kW capacity), mini h 2 MW

‘ ; - ydro power plants (upto

::’: :!H;I:;ij Ifr:i?t;i-lﬁm EELM Tv‘-".! can be successfully used for electrification u?isalated Pﬂ“i“ts:_[

e Sty e IEjfn.nmus;:-m,nn System cannot easily reach. This includes exploitation of mo¥
els and canal drops. The power from mini-hydro er plants and mic



hydro power plants will be attractive as t

: he ener 0Ure
o el without a big network gy generated can be consumed near the source

of sub transmission systems.

Micro/mini hydro development isan e

_ Xtremely valuable, economic, renewable energy source
in its endeavour to meetl decentr =

alised rural need of the country.

The potential in small hydro-electric

: projects in various countries ranges from 5 to 15% of
the total hydro-potential of that country, .

il e In India the estimated hydro energy potential of mi-
cro/ minl hydro power plants leads to an installed capacity of 10,000 MW spread over 5,000 to
6,000 schemes. Small hydro power plants (SHP) which generate electricity in small scale are

now being t:‘uE‘u'EIﬂpied‘ ']?hESE power plants are an attractive renewable source of energy in re-
mote and hilly regions isolated from main grids.

Various advantages of small hydro-power plants (SHP) are as follows:

(i) Readily accessible source of renewable ENErgy,

(iz) Can be installed making use of water head as low as 2 m and above.,
(ttt) Does not involve setting up of large dams.

(iv) Least polluting,

(v) Limited initial investments and short gestation periods.
(vt) Reduced transmission losses.

The Indian Renewable Energy Development Agency ( IREDA) is encouraging both public
and private organisations to set up small/mini/ micro hydel power plants.



15.2 CLASSIFICATION OF TURBINES

Water turbine can be classified according to:

- L. The action of water on moving blades. On this basis water turbines are classified
into following two categories:

(@) Impulse turbine. Whole of the pressure energy in this turbine is first converted into
kinetic energy. The wheel revolves in open air at atmospheric pressure when water
strikes on the series of buckets, i.e. in these there is no difference of pressure at the
inlet and outlet of the runner. As these turbines convert the velocity energy into
mechanical energy, these are known as Impulse or velocity turbines,

(b) Reaction turbine. These operates on the basis of difference of pressure at the inlet and
outlet of the turbine, hence these are known as reaction or pressure turbines. In this
case entering water has pressure as well as kinetic energy and when it moves over the
blades both the kinetic energy and pressure energy provides turning moment of the

wheel.

nes can also be classified on the basis of names of their

2.Name of the originator. Turbi
. ], Turgo, Girard, Jonval, Banki impulse turbines and

:}v‘-'f“tﬂr or originator, e.g. Pelton whee 1 :
‘milar]y Francis, Kaplan and Thomson reaction turbines.

3. Head and quantity of water available e :
(@) High head (above 200 m) and small quantity of water requires impulse turbine such

as Pelton wheel. : . : :
() Medium head (between 30 to 9200 m) and medium quantity of water requires reaction

turbines such as Francis turbines.



(¢) Low head (below 30 m) and large quantity of water requires reaction turbineg SUch g
Kaplan or Propeller turbines.

4. Disposition of shaft. Turbines may have either horizontal or vertical shafts Gene.
ally Pelton wheels have horizontal and Francis and Kaplan turbines have vertical shaftg Ve,
tical shaft turbines require lesser space, but horizontal shaft turbines are easily accessibje,

5. Direction of flow of water in the runner

(@) In radial flow turbines water flows in radial direction. The flow may be inwarq ,
outward.

(b) Intangential flow turbines, water strikes the turner in the direction of tangent of t},
depth of rotation of the runner. Pelton wheel is an example of tangential flow turbipe

(¢) In axial flow turbines water enters and leaves the runner in a direction parallel to th
axis of the turbine shaft.

(d) In mixed flow turbines water enters radially and leaves the runner axially.
Flow directions of commonly used turbines are as under:

(i) Propeller and Kaplan Turbines - Axial flow.
(it) Francis turbine - Radial inward or mixed flow
(iti) Pelton turbine- Tangential flow.

6. Specific speed. Specific speed of a turbine is the speed of a geometrically similar
turbines which would develop one H.P. under a head of 1 m. On this basis some of the important
turbines have foliowing specific speeds:

(a) Pelton wheel has specific speeds varying from 10 to 35 for single jet and upto 50 for
double jet.

(b) Francis turbine has specific speeds varying from 50 to 300.
(e) Kaplan turbine has specific speeds varying from 300 to 1000.




Examplel5.4. A reaction turbine is supplied with 100 cu m of water per second andy;
under a maximum head of 120 m at 350 R.P.M. Assuming overull efficiency of the plant 8%
specific weight of water 1000 kg/m* ; calculate the horse power developed and power in ki

Solution.
Il =120 m
¢ =100 m’/sec
w = 1000 kg/m®
n =038
Horse power developed = m{g‘g‘n 2 102; i = 128,000

Power in kW = 128,000 x 0.746 = 95 488 kW. Ans.

Example 15.5. (a) Calculate the totul energy in kWh which can be generated from?t Lg
power station having following daita :

Reservoir area =2.08q. km
Capacity =5 x 10° m?

Net head of water at the turbines = 80 m



ijneeﬁt‘fﬂﬂﬂ‘.}' = 80%

Eeﬂgmmreﬁiciency = 90%
Also find by how many metre the | — :
= supplied for 5 hours? evel of reservoir will fall if 2 load of 20,000 EW is

Golution (a} Work done/sec. = 1000 « 5 « 10° x 80 kg m/sec
=40 x 10" kg m/ gee,

: 40 % 10" «0.8x090
H.P. Developed - T = 0,38 x 1010
Energy produce kW sec = 0.38 % 10" x0.746 = 0,28 x101°
0.28 10"
Energy produced (kKWh) = as00  =TIBx 10° kWh, Ans.

(h) Let the fall in level of reservoir = & metre
Time = 5 hours.

Area of reservoir = (2.5 % 1000 x 1000) sq. m.
4
Discbiarge fobi. . Eﬁxl?ﬁﬂxlﬂﬂﬂwhzlﬂ =R
ax 3600 T2
1000 = 10° » A =80
Work done /sec. = s R
T2
1000%10* xh =80
" 0.8x0.9
HLP. developed =T qax78
1000 x 10" x h x 80x0.80x 0.9
- = 0,746
kW produced - 7275
=105 = 10° = h
But W pr.nduﬂﬂd = 20,000 {g’i‘-fﬂ'l.'l}
- 90,000 = 1.05 x 107 x A
_ﬁ = DE I]].EtTE. Ans.

E"-ﬂmllle 15.6. For a hydroelectric power plant the following data ts supplied:

Annual rainfall = 1000 mm.
Cﬂ#ﬂﬁmﬂnt frad = 120 sq.km.
Effective head = 250 m.
Load factor = 40%

Yiely factor to allow for run-off and evaporation loss = 50%

Efficie ney of power plant = 70%



Determine the following:

(a) Average power produced.
(b} Capacity of the power plant.

Solution. (@) Volume of water available per year = Catchment area » Annyg) ..
Yield factor. Tl

Now catchment area = 120 sq. km. =120 x (1000)* m*
1000
An ainf; = =1 metre
nual rainfall 10 <100

Volume of water available per year = 120 x(1000)" = 1 x 0.5
Volume of water available per second

120% (1000 x0.5
8760 60 x 80

Q:

H.P developed = P—*}?

where ¢ = water available/sec.

_ 120« (1000F x0.5
8760 = 60 x 60

w = specific weight of water = 1000 kg/m®
H = head = 250 metre

n = efficiency = 0.7
k = yield factor = 0.5

_1000=120 x(1000) x250x0.7x0.5

H.P. developed

8760 =60 x60x75
365x10°
N
-, Average Power =4328 x 0.746 = 3228 kW  Ans.
ave
(b) Load factor B8 PIer

" Maximum demand

_ Average power 3228
Load factor 0.4 8070 Kw.

The capacity of the power plant can be taken equal to maximum demand
». Capacity = BOTO kW. Ans.

. Maximum demand

Example 15.7, Calculat prit _i""'
station having the fa.-!tuwir:;z:t;i!e power that can be developed from a hydro-¢lec



Catchment area = 100 sq.km,

Average rainfall = 120 em
Run-off = 80%
Available head =300 m

Overall effictency of the power station = 759,
Solution. Run-off available (¢ )

o 100x10° ©x1.2%0.8
365% 24 %6060 ~ 3.4 cu m/sec.

w = 1000 kg.
(as 1 cu m of water weight = 1000 kg)

H = Available head = 300 m
N = Efficiency = 0,75

H.P. developed _ wdH xn _1000x3.4x300 ’

= T
T5 75 Q.78
1000 x3.4 x300=0.75x0.7
Power in kW = 2 2 . x0.746
75
1000 = 3.4 300 =0.7T5=0.7T46
Power in MW -

751000

~ 3.4x300x0.75x0.746
N 75

=748 MW. Ans.




No two hydro power projects are exactly alike and each will have its own unique problems
of design and construction. The choice of a particular type of a plant at a given site depends
upon various factors, such as: topography of the area, available head, available flow, require

ment of power, political influences in the area.

W///// ; - =

e S - - R
-
== -

Fig. 14.1 Major components of hydro-electric plant.

A hydro-electric development scheme ordinarily includes a diversion structure, head works
and a conduit (penstock) to carry water to the turbines, and governing mechanisms, generator
control and switching apparatus, housing for the equipment, transformers and transmissi”
lines to the distribution centres. In addition to these major components, trash racks at
the entrance of the penstock, canal and penstock gates, a forebay, a surgr:; tank and othe’



appurtenance may be required. A tailrace channel from the power house back to the river must

be provided, if the power house is situated at such a place where the draft tubes cannot dis-
charge water directly into the river.

Fig. 14.1 shows a flow diagram of typical hydro electric power plant. The essential compo-
nents (or element) of such a plant are:

1. Catchment area
9. Storage Reservoir
3. Dam
4. Waterways : Canal, Forebay, Intake, Trash Rack
5. Penstocks
6. Surge tank
7. Draft tubes (Discussed in the chapter on hydel turbines)
8. Spillway
9, Powerhouse. Prime movers, Generators etc.
10. Tail race
11. Gales
12.

Switchvard for transmission of power.



15.10 IMPULSE VERSUS REACTION TURBINE

e
S.N

i

Impulse turbine

Reaction Turbine

i

In this all the available
pressure head is converted
into velocity head before
striking on the buckets,

As the water moves over

the buckets, the pressure
throughout remains atmosph-
eric from inlet to exit.

The wheel must not run full.

The turbine must be placed
above the tail race or at
the foot of the fall.

The water may be admitted
over part or whole of the
wheel circumference.

Flow can be regulated without loss
of efficiency.

Work is done by the change in kinetic
energy of the jet of water .

Component parts being easily accessible
and repairs are easy.

Running speeds are low. Therefore,
for the same capacity, size of unit 18
large.

Only a part of the pressure
head is converted into

velocity head before
striking on the runner
vanes,

The velocity and pressure
both change during the flow
over the vanes.

The runner must run full in a closed conduit.

It must be submerged in the
tail race or can be placed
above the foot of the fall

by connecting the discharged
end with the draft tube.

The water must be admitted
over the whole circumstance
of the runner.

There is always loss in efficiency.

Work is done partly by the change in pressure
head and partly by kinetic energy of the
water in penstock.

Repairs are difficult.

Running speeds are high. Therefore,
for the same capacity, size of
unit is small.
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10.16 ENGINE LUBRICATION SYSTEM

Frictional furces causes wear and tear of rubbing parts of the engine and thereby the life of
the engine is reduced. This requires Lhat some substance should be introduced between the
rubbing surfaces in urder to decrease the frictional force between them. Such substance is called
lubricant. The lubricant fornis a thin Glm between the rubbing surfaces and prevents metal to
metal contacl, The various prarts ol ao 1O engine requiring lubrication are eylinder walls and
pistons, big end bearings and erank pins, small end bearings and gudgeon pins, man bearing,
cams and bearing valve tappet, and guides and timing gears ete, The functions of a lubricant
are as [ollows:

L. Lubvicetion. It reduces wear and wear of various moving parts by minmising the force
ol friction and ensures smooth running of parts,
Seafong. 1L helps the piston ring to seal the gases in the eylinder.
Cooling. It removes the heat generated due to [rietion and keeps the parts cool.
Cleaning. To keep the bearings and piston rings clean of the products of wear by
washing them away.

5 Reducing noise. To reduee the neige of the engine by absorbing vibrations,

The various lubricants used in engines are of three types

el < L

(i)  Liguid Lubricants.
fir} Solid Lubricants.
(tit)  Semi-solid Lubricants.
Liquid oil lubricants are most commonly used. Liquid lubricants are of two Lypes | (6)
Minerul Oils th) Fully vils, Graphite, white lead and mica are the solid lubrieants, Semi solid
lubricanis or greases as they are olten called are made [rom mineral oils and (atty-oils.

A good lubricant should possess the following propertics :

fi) 1L should not change its state with change in lemperature,

(i) It should maintain a continuous lilms between the rubbing surfaces.
(itis It should have high specific heat so that it can remove maximum amount of heat:
tiv) It should be free from corrosive acids,

(v) The lubricant should be purified before it enter the engine. It should be free ﬁ'““:

dust, moisture, metallic ehips, ete, The lubricating oil consumed is nearly 1% 0
consumplion.




4.13.86. Lubrication Systems

Lubrication is the admittance of oil between two surfoce having relative motion. The purposs
of lubrication may be one or more of the following :

1. To reduce friction and wear between the parts having relative motion.

2. To cool the surfaces by carrying away heat generated due to friction.

3. To seal a space adjoining the surfaces such as piston rings and cylinder liner.

4. Toclean the surface by carrying away the carbon and metal particles caused by wear.
5. To absorb shock between bearings and other parts and consequently reduce noise.

'The main parts of an engine :whmh need lubrication are as given below :
(i) Main crank shaft bearings.

(i) Big-end bearings.

{1ii) Small ennd or gudgeon pin bearings.

(iv) Piston rings and cylinder walls.

() Timing gears.

(vi) Cam shaft and cam shaft bearings.

{wii) Valve mechanism.

(viii) Valve guides, valve tappets and rocker arms,

Various lubrication systems used for [.C. engines may be classified as :
1. Wet sump lubrication system.

2. Dry sump lubrication system.

4, Mist lubrication system. -

Wet Sump Lubrication System

These systems employ a large capacity oil sump at the base of crank chamber, from which the

oil is drawn by a low pressure oil pump and delivered to various parts. Oil th ally returs®
back to the sump after serving the purpose, v 3t graioally

(a) Splash system. Refer to Fig. 4.23. This system is used on some small four stroke station®”
engines. In this case the caps on the big ends bearings of connecting rods are provided with scooP®
which, when the n:u-nnmtmg rod is in the lowest Pﬂ'itil:lll.jll!t ﬂ'fp into oil t.ruughu and thus Iﬂ.l-l'“'““=|
the oil through holes in the caps to the big end bearings. Due to splash of oil it reaches the 0¥
portion of the cylinder walls, crank shaft and other parts requiring lubrication. Surplus oil even

flown back to the oil surap. Oil level in the : intai o i
oil from sump, t-hrwg:h a filter, troughas is maintained by means of a oil pump whic

Splash system is suitable for low and med; . i . tad
pressures. For high performance engines, w tum speed engines having moderate bearing

rubbing speeds this system does not serve H.l:l:h nnmf.!l]lr operate at high bearing pressures
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%“!UH Gauge

7 Cam shaft
e [
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. Main
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::l::liﬂq ==

Lawer 0Qil Pan
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Qil Strainer

Fig. 4.23. Splash system.

(b) Semi-pressure system. This method is a combination of splash and pressure systems. It
incorporates the advantages of both. In this case main supply of oil is located in the base of crank
chamber, Oil is drawn from the lower portion of the sump through a filter and is delivered by means
of a gear pump at pressure of about 1 bar to the main bearings. The big end bearings are lubricated
by means of a spray through nozzles. Thus oil a.lrun: lubricates t!:.e l:lama_:rn‘nk shaft h?mmg;u, dylinder
walls and timing gears. An oil pressure gauge s provided to indicate satisfactory oil supply.

The system is less costly to install as compared to pressure system. [t enables higher bearing
loads and engine speeds to be employed as compared to splash system.

FeRs : stem. In this system, oil from oil sump is pumped under pressure to the
vu‘iauzcﬂlrrquirm;::ﬁmtiuu. Refer Fig. 4.24. The oil is drawn from the sump through filter
and pumped by means of a gear pump. Oil is delivered by the pressure pump at pressure ranging
from 1.5 to 4 bar. The oil under pressure is supplied to main bearings of crank shaft and camshaft.
Holesdrilled through the main crank shafts bearing journals, communicate oil to the big end bearings
and also small end bearings through holes drilled in connecting rods. A pressure gauge is provided
to confirm the cireulation of oil to the various parts. A pressure regulafing value is also provided on
the delivery side of this pump to prevent excessive pressure.
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__..—Dll Pan

Fig. 4.24. Full prossure system.

This system finds favour from most of the engine manufacturers as it allows high bearing
pressure and rubbing speeds.

The general arrangement of wel sump librieation systemn is shown in Fi
oil is always contained in the sump which is drawn by the pump through a strainer.

Filter

|~ Pressure
To Bearings —— Regulater

e SIS ,.:; lj{l

0il Strainer t

g r—————

— e S e

o r— e — = =
— — = e e o

o — i — — — . RN . S e —

f— — e — BN EES. —  E m— e & -

B e T —

—— — s

— = =
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B e e e e e e — —

T NN e . e em s
S R o . S e M — —
—

—_— e T e e ——— =

— —
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Engine

Drain Plug Crankcase

Wet Sump
Fig. 4.25. Wet sump lubrication system,

£ 4,25, In this cass
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DIESEL ENGINE POWER PLANT 347

2. Dry Sump Lubrication System

Refer Fig. 4.25. In this system, the oi] from the sump is carried to a separate storige tank out
side the engine eylinder block. The oil from sump is pumped by means of a sump pump tl|!-nu|q'h fil lnrru
to the storage tank. Oil from storage tank is pumped (o the engine cylinder through oil cooler. Fhl
pressure may varies from 3 to 8 kgffem®. Dry sump lubrication system is generally adopted for Frigh
capacily engines.

vent
0il Pressure
Cooler Relief e
T g Valve
Bearing — | i Supply
0il Pump fan's
Engine Crankcase Filter By Pass '
Pressure Relief
Valve
Dry Sump
Strainer Filter | —e

Scavenging
Pump

Fig. 4.26. Dry sump jubrication system.

3. Mist Lubrication System o ) .

; ; ines, Most o se engines are crank c o
th ;h;ﬁ ayaﬂi;ﬂﬂpﬁiﬁfﬁiﬁfﬁéﬂ‘fﬂ not suitable for crank case iuhrir:at_inn. These
Ay smpany CEAN tod by adiing 2 to 3 per cent lubricating oil in the fuel tank. The oil and fuel
engines are luh"mt.hruugh the carburettor. The gasoline is vaporised ; and the oil in the form of
mixture is l_nducﬁt; into the cylinder, The oil which impinges on the crank case walls lubricates
Emﬂl;q; mm::.,,;:ﬁmd bearings, and rest of the oil which passes on the eylinder during charging

and scavanging periods, lubricates the piston, piston rings and the cylinder.

Advantages

1. System is simple. .

2. Li:r cost (because no oil pump filter etc. are required).

Disadvantages ] : : : 4

; . s il invariably burns in combustion chamber. This bearing o1

1. A portion n:d'lrhn l;l:]:ijliﬂ‘:ﬂnrf::“he“ partially burned in combustion chamber leads to heavy
wlun'l:*:m i,':i:nu and formation of heavy dﬂpﬂ:i’f on piston erown, ring grooves and
tx:mut ﬁt Ak intades with the efficient engine uplarlhun. 5 e ;
ex auuﬂ] ain functions of lubricating oil is the protection of anti-friction bearings etc.

2. ﬂm. oA I Since the oil comes in close contact with acidic vapours pmdum& dur::llg
:'E: i E;E::::;-nuﬂ it rapidly loses ita anti-corrosion properties resulting in corrosion

cOm ’
damage of bearings. i This requires either
. gt il and fuel must be thoroughly mixed. This req ith

% fxw:r;'{:fn; use or use of some additive to give the oil good mixing

SEPET.

characteristics,

Scanned by CamScanner
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4. Duetohigher oxhaust temperature and loss eMiciont scavening the g hr‘“""l""if i eliligy,,)
In addition some lubricating oil burns in combustion ehmnbeor, This r"'“'"l‘ mbn g,
cent higher lubricant consumption for two stroke engine "r"’"”'"“f e,

5. Since there is no control over the lubrication oil, once introduced with fuel, most of 1), Lo,
stroke engines are over-oiled most of the time.

4.13.7. Engine Starting System

The following three are the commonly used starting systems in lnrge and medium size engiy,..,
L. Starting by an auxiliary engine

2. Use of electric motors or self starters

3. Compressed air system.

1. Starting by an auxilinry engine (generally petrol driven).

In this system an auxiliary engine is mounted closed to the main engine and drives the laty.r
through a clutch and gears, The eluteh is first disengaged and the auxiliary engine started by o
or by a seif starter motor. When it has warmed up and runs normally the drive gear is enguged
through the clutch, and the main engine is eranked for starting. To avoid the danger of damage 1o
drive gear it is desirable to have an over-running clutch or starter type drive.

2. Use of electiric motors or sell starters

These are employed for small diesel and gasoline engines. A storage battery of 12 to 36 volis
is used to supply power to an electric motor which is geared to the flywheel with arrangement for
automatic disengagement after the engine has started. The motor draws a heavy current and is
designed to be engaged continuously for about 30 seconds only, after which it is required to cool off,
for a minute or so, and then re-engaged. This is done till the engine starts up. When the engine is
running a small d.c. generator on the engine serves to charge the battery.

3. Compressed air system

The compressed air system is commonly used for starting large diesel engines emplayed [or
stationary power plant service. Compressed air at about 17 bar supplied from an air tank or bottle is
admitted to a few of the engine eylinders making them work like reciprocating air motors to-run the
engine shaft. Fuel is admitted to the remaining eylinders and ignites in the normal way causing the
engine to start. The air bottle or tank is charged by a motor or gasoline engine driven compressor.
The system includes the following :

{t) Storage tank/vessc]

(ii) A safety valve

fisi) Interconnecting pipe work,

Methods of Starting and Stopping Engines

Although starting procedure may differ from engine to engine but some common steps are
listed below :

Starting of Engines

L. In case of electric motor starting check the condition of st compressed air

L : orage hattery, If ¢ ed 0l
nl:m.ttm 15 used, then air pressure may be checked first and the ajr system iI:rpﬂctﬂd for [Jﬂillﬂlﬂi’:’Iﬂl
leakage.

2. As prescribed by the manufactures, all ik : ot s coolit”
water should be made. necessary checks for fuel, lubricating oil and co0

. 3. Crank the engine after ensuring that all load is put off and i ice ia in 1se,
and then let it start. P and decompression device is

Scanned by CamScanner



10.22. ENGINE PERFORMANCE AND HEAT BALANCE SHEET
10:22.1 Engine Performance

(i) IMEP (Indicated Mean Effective Pressure). In order to determine the power
developed by the engine, the indicator diagram of engine should be available. From
the area of indicator diagram it is possible to find an average gas pressure which
while acting on piston throughout one stroke would account for the net work done.
This pressure is called indicated mean effective pressure (L M.E.P.).

{ii) THP (Indicated Horse Power). The indicated horse power (I.H:P.) of the engine
can be calculated as follows :

P,LAN.n

where

P, =LME.P. in kglcm?
I. = Length of stroke in metres
A = Piston area in cm?
N =5|.'.I4E1Ed in RP.M.
n = Number of cylinders
k =1 for two stroke engine

= 2 for four stroke engine.

fiii) Brake Horse Power (B.H.P.). Brake horse power is defined as the net power

available at the crankshaft. It is found by measuring the output torque with a dyna-
mometer.

2n NT
4500

B.H.P. =

where

T =Torque in kg.m.
N = Speed in RP.M.

fiv) Frictional Horse Power (F.H.P.). The difference of LH.P. and B.H.P. is called
F.H.P. It is utilised in overcoming frictional resistance of rotating and sliding paris of

the engine.
F.H.P. = IHP - BHP.

() Indicated Thermal Efficiency (n,). It is defined as the ratio of indicated work to
thermal input.

_ LH.P.x4500
W= "WxC, xd

where

W = Weight of fuel supplied in kg per minute,
C, = Calorific value of fuel oil in keal/kg.
J = Joules equivalent = 427,



(vi) Brake Thermal Efficiency (Overall Efficiency). It is defined as the ratiq of
output to thermal input.

I:rrajﬁ\Ja

B.H.P x 4500
e = WxC, xd

(vii) Mechanical Efficiency (1),,). It is defined as the ratio of B.H.P. to I.H.P. Therefurg
Nm = B.H.P./LH.P.




10.5 SITE SELECTION

_ While selecting the site for diesel engine power pl
sidered,

ant the following factors should be con-

plant should be located near the load centre. This will

L. Distance from load centre. The
the maintenance and power losses through them.

Minimize the cost of transmission lines,



9. Availability of water. Water should be available in sulficient quantity at the gje S0
lected.

3. Foundation conditions. Sub-soil conditions should be such that a foundation at a rg,_
sonable depth should be capable of providing a strong support to the engine.

4. Fuel transporation. The site selected should be near to the source of fuel supply so that
transportation charges are low.

5. Access to site. The site selected should have road and rail transporation facilities.

The site selected should be away from the town so that the smoke and other gases coming
out of the chimneys do not effect the inhabitants.
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9.11 COMPONENTS (ELEMENTS) OF A GAS TURBINE PLANTS

A simple gas turbine plant is shown in Fig. 9.12. It consists of compressor, combustion
chamber and turbine. When the unit runs the atmospheric air is drawn into the compressor,
raised to static pressure several times that of the atmosphere. The compressed air then flows to
the combustion chamber, where the fuel is injected. The produces of combustion, comprising a
mixture of gases at high temperature and pressure, are passed through the turbine where they
expand and develop motive force for turning the turbine rotor. After expansion the gases leave
the turbine at atmospheric pressure. The temperature of the products of combustion is nearly
1000°F to 1500°F. The temperature of the exhaust gases is in the range of 900°F to 1100°F.
The compressor is mounted on the same shaft as that of turbine. Major portion of the work
developed in the turbine is used to drive the compressor and the remainder is available as net
power output.

1. Turbine.

Turbine drives the compressor and the load. Both impulse and reaction turbines can be

used in gas turbine plants. As compared to steam turbines gas turbines have few stages because
they operate on smaller pressure drops.

ik Axial flow type turbines are commonly used. The various requirements of turbines are as
ollows :
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Fig. 8,12, A simple gas turbine plant

fi) Light Weight (ii) High Efficiency
(iii}) Reliability in operation fiv) Long working life.

2, Combustion Chamber.

In the combustion chamber, combustion of fuel takes place. The combustion process tak-
ing place inside the combustion chamber is quite important because it is in this process that
energy, which is later converted into work by the turbine, is supplied. Therefore, the combus-
tion chamber should provide thorough mixing of fuel and air as well as combustion products and
air so that complete combustion and uniform temperature distribution in the combustion gases
may be achieved. Combustion should take place at high efficiency, because losses incurred in
the combustion process have a direct effect on the thermal efficiency of the gas turbine cycle.
Further the pressure losses in the combustion chamber should be low and the combustion
chamber should provide sufficient volume and length for complete combustion of the fuel,

[nitially the temperature development in combustion chamber is too high. The difficulty 1s
avoided by adding a satisfactory amount of air to main-
tain stable combustion condition and then the products of
combustion are cooled to a temperature suitable for use

. Gases I gAS turbine by introducing secondary air. The sum of

primary and gecondary air supplied is total air needed

for combustion. Fig. 9.13 shows the combustion cham-

ber. In combustion chamber used for aircraft engines a

large quantity of air is used to keep the temperature of

combustion chamber to about 600°C, The air fuel ratio

Flg. §.13 Combustion chamber may be of the order of 60 : 1 in this case.

Fraal e

The requirements of a combustion chamber are as follows :

{i) Low pressure loss
(i) High combustion efficiency
(iii) Good flame stability



fiv) Low weight :
fi} Thorough mixing of cold air and hot products of combustion to generate unifory
temperalure
fee) Reliabilivy
(vit) Low carbon deposit in turbine, and combustion chamber.

3. Compressor.
. The various compressors used are reciprocating compressors, centrifugal compressors and
axial flow compressors, The reciprocating compressors are nol preferred due to the friction in
sliding parts, more weight, less speed and inability to handle large volumes of air. For a gas
turbine power plant of high output and cfficiency generally pressure ratios of 10 : 1 or more is
used. It is observed that when a single compressor with a pressure ratio not more than 4 : 1 is
required the centrifugal compressor is the most suitable. It is quite rugged in construction, ean
oOperale mare elliciently over a wide range of mass rate of flow of air than a comparable axial
Now compressor. Centrifugal compressor is mainly used in super chargers and in jet airerafl
plants, where lower pressure ratios and small volumes ol air is needed.

For higher pressure ratios multi-stage centrifugal compressor does not prove to be as
useful as an equivalent axial flow compressor. Therefore, when high pressure ratios are needed,
axial compressor is advantageous and is always used for industrial gas turbine installations.
Further it is desirable that more than one com pressor should be used when the pressure ratio
execeds 8 ; 1. Although the axial Now compressor is heavier than the centrifugal compressor bul
it has higher efficiency than the centrilugal compressor.

It is important that air entering the compressor should be free from dust. Therefore, air
should be passed through a filter before it enters the compressor. Air fillers are not needed in
the elosed cycle system.

) Centrifugal Compressor. I consists of stationary
casing and rotating impeller. Impeller is provided with
blades, When the impeller rotates the air enters axi-
ally and leaves radially. When the impeller rotates the
pressure in the region i falls and, thercfore, the air
enter through the eye. The air then flows radially out-
ward through the impeller blades. Afller that the air
Nows through the converged passages of dilluser blades
and finally the air flows to compressor outlet (Fig. 9.14).

ity Axial Compressor. This compressor (Fig, 9.15) is quite
commonly used in gas turbines. It consists of stator
which enclose rotor (), Both stator and rotor are fit-
Led with rings ol blades (108 - Rolor Blades, S8 - Statoy
Blades), In this compressor the air lows in an axial
direction from inlet to outlet, Air entering at one end
a5 shown, Mows through the alternatively arranged  Fig. .14, Centrilugal comprassor.
rings and gels compressed successively.

4. Inter-coolers,

These are used to cool Lhe air between stages when mullistage centrifugal compressors
are employed. This reduces work input to the compressor, The cooling of compressed air 15
generally done with the help of cooling water, The water is circulated with the help of pump



nrough the tubes. The compressed air is mag ;
o flow with the help of baffles, few b o paciy owgllol gl By S B

L ith | The baffles are used to make the air to flow in contact for
jonger duration with heat transfer surface so as to increase thia abfectivonesa of thia heat e
changer.

Flg. 9.15. Axial compressor
5. Regenerators.

The regenerators which are commonly used in gas turbine plants are of two types, namely,
recuperate and regenerator. In a recuperative type of heat exchanger, the air and hot gases are

made to flow in counter-flow direction as it gives high average temperature difference causing
the heat flow effectively,

A regenerative type heat exchanger consists of a heat exchanging member which is ex-
posed alternatively to the hot exhaust gases and cooler compressed air. It absorbs the heat from
the hot gases and gives it up when exposed to the air. Though these regenerative type heat

exchangers have high capital cost, it has principal advantages of lightness and smaller size for
the same heat transferring capacity and low pressure drop.

6. Gas Turbine Auxiliaries.
The gas turbines need additional equipment for serving the main components, these in-

clude: starting motor or engine, lubricating oil pump, fuel control system, oil coolers and filters,
silencers, air and gas ducts and plant control panel.



9.15 FUELS FOR GAS TURBINES

Various fuels used by gas turbine power plants are
natural gas, blast furnace gas,
Care should be taken that
ties.

liquid fuels, gaseous fuels such as
producer gas, coal gas and solid fuels such as pulverised coal.

the oil fuel used should not contain moisture and suspended impuri-

The different types of oils used may be distillate oils and residual oils. The various paral
fins used in gas turbine are Methane, Ethane, Propane, Octane (gasoline) and Dodecane (kero-



¢

gene oil). Qut of these gasoline and kerosene or blend of the two are commonly used.

Qualities of Fuel

Some of the important properties to be considered while selecting the fuel for gas turbine
qre as follows :

1.

Vﬂl“tll_“}'- ThEI properties has a major effect on starting and combustion efficiency of

f;he engine particularly at low temperature and other adverse conditions. The volatil-

ity of the fuel should be such that it is conductive to a quick and successful restart

!:luwuut of flame. Highly volative fuels are also not desirable as they have the follow-

ing disadvantages:

v They are more susceptible to fire (although they have less tendency to explode).

(ti) They are conductive to vapour lock and to excessive loss of fuel during flight
because of evaporation of eertain lighter hydrocarbons. Therefore, in case of air-
craft gas turbines in which the quantity of fuel used is sufficiently high, the fuel
wastage will also be more if the fuel is highly volatile.

Combustion products. The products of combustion should not be in the form of

solids because they tend to deposit on the combustion chambers, turbine blades and

vanes and cause a loss in efficiency.

Energy contents. Fuel should have greater heating value so that fuel consumption

may be less,

Lubricating properties. The fuel should provide a eertain amount of lubrication of

friction surface of fuel pumps.

Availability. The fuel selected should be available in large quantities so that it is

cheaper.

Comparison of Kerosene Oil and Gasoline

Kerosene is quite commonly used in aireralt gas turbines. It is not as volatile as gasoline
and, therefore, there is less possibility of vapour lock and luel loss. But its combustion uﬂiciuncy
is low compared to gasoline. The lubrication properties of gasoline are poorer. About 5 to 20% of
a barrel of crude may be refined kervsene whereas 40 to 50% of a barrel of erude oil be refined
into gasoline which shows that gasoline can be available in large quantities.

Air Fuel Ratio

Air fuel ratio in the gas turbines is nearly 60 : 1.
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