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Conventional Enerpgy Sources
These are commercial forms of energy available. They mclude the following:

(1) Fossil fuel that may be in solid, lguid or gaseous forms
(i) Water power of energy stored in water

(1it) Nuclear energy
Worldwide consumption of total energy iz as shown in the Table 1.1.

Table 1.1 Worldwide Consumption of Total Energy

Source of Contmbution  Overall

enerey %) e
Coal 325 -
il 383 -
Caz 190 a2
Uraninm 013 -
Hydro 200 -
Jood 6.8 8

{Contmned)



Introduction to Power Plants 3

Table 1.1 {Contmued )

Source of Confribution Overall

ENETEY (%a) {*=)
Dung 12 -
Waste 03 -

From Table 1.1, it is evident that 92 per cent of total energy comes from coal, oil, gas, and uranium, and
hence these are the most commonly used commercial energy sources.

1. Coal
It is the most common source of enerzy that is being used since mndustrialization. Modern steam
boilers bumn coal mainly as primary fiuel in any of itz available forms. Different ranks of coal
available are peat, lignite. bituminons and anthracite.

Fipure 1.1 shows a thermal power plant using steam as a working fluid. It consists of a steam
generator, a condensing turbhine coupled to a generator, a condenser with a condensate axtrac-
tion pump and a feed water tank with a feed pump.
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Fig. 1.1 A Typical Thermal Power Plant

In a coal-fired thermal power plant. coal 1z burnt in a bodler formace. The heat generated 13
utilized to coovert water, which is the working fluid, into superheated steam in the boiler or
steam generator. The high-pressure steam i3 vsed to run the prime mover (steam turbine). The
prime mover rotates along with an electrical generator coupled to it. Thus, mechanical energy
is converted into electrical energy that i3 supplied to various points vsing power feeders. The
steam that expands in the turbine i3 condensed into water in a surface condenszer. The condensate
water iz pomped back to the feed tank The feed water in the feed tank i3 heated by bleeding
zome amopat of steam from the turbine. The hot feed water is pumped to the boiler using a feed

pump.



According to estimates, coal reserves are sufficient encugh to last for 200 years. However,
coal reserves have lower calorific valoe, and their transportation 12 uneconomical. When burnt,
they produoce pollutants such as CO and COy. and hence thev are responsible for ecological
imbalance.

2. it

Almost 40 per cent of energy needs is met by oil alone. With preszent consumption and a
resonrce of 250,000 million tons of oil, it 15 estimated to last for only 100 years, unless more
oil i diz- covered. Major chunk of oil comes from petrolenm.

3. Gas

Duoe to the non-availability of ready market gaz 1z not completely and effectively vtilized and iz
bumnt in huge quantities. iz transportation cost 12 much higher than oil. Large reserves ‘ate
estimated to be located in inaccessible areas. Gaseous fuels are classified as follows:

(i) Gazes of fixed composzition such as acetylene, ethylene methane ete.

(11) Industrial pazes such as producer gas, coke oven gas, blast furnace gas, water gas, etc.

4. Agnicultural and orgamic wastes
These include saw duest, bagasse, garbage animal dung, paddy husle corn stem etc , accounting
for a major energy consumption.

5. Water

It iz one of the potential sources of energy meant exclusively for hydro-electric power genera-
ticn. Potential energy of water 15 utilized to convert it into mechanical energy by using prime
movers known as hydraulic turbines. The operating cost of the plant iz cheaper as compared to
other types of power plants. It i3 the only renewable non-depleting source of energy that does
not contribute to pollution.

Figure 1.2 shows a hydraulic power plant designed for high head. In a hydro-electric power
plant, water i3 stored behind a dam that forms a reservoir Water iz taken from the reservoir
through tunnels from where it iz distributed to penstocks. A penstock 13 a large diameter pipe
that carries water to the turbine. Trash racks are fitted at the inlet of tunnels to prevent any for-
eign matter from entering into the tuanels. A surge tank built before the valve house prevents
spdden pressure rize in the penstock when the load on the turbine decreases or when the inlet
valves to the turbine suddenly get closed. The flow of water in the penstocks iz controlled
the valve house that iz electrically driven. Thus, potential energy of water is utilized to run the
prime mover (hydravlic turbine) coupled to an electric generator in the power house. After doing
work, the water iz dizscharged to the tail race.

6. Nuoclear power

Any matter conzists of atoms held together by means of binding energy. Controlled fizsion of
heavier unstable atoms such as Uzss. Thyy and Pugseliberates enormous amount of energy. This
iz possible only by utilizing small amouat of nuclear fuels. It may be noted that the energy
released by fiszsion of one kilogram of Uzsis equivalent to the heat generated by burning 4,500
kg of coal. This factor makes the nuclear energy more attractive. The enerzy generated doring
nuclear fission reaction is uzed to produce steam in heat exchangers, which is vtilized to run the
turbo-generators.
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Fig 12 A Hydraulic Power Plant

For aiuclear power generation, three systems are considered. The first iz 'based on natural ura-
mium yielding power and plutoninm. The zecond iz by using plotoniom and depleted vranium
in a fast breeder reactor. The third svstem i1z by nsing thorium and converting it into nraninm in
a fast breeder reactor. India has uraninm reserves only enough to produce 6 * 108 kW of energy
that iz a meager 1 per cent of its current energy requirements.

Non-Conventional Energy Sources

1. Solar energy

Solar energy has the greatest potential of all the sources of renswable energy that comes to the
earth from zun This energy keeps the temperature of the earth above that in colder space, causes
wind current: in the ocean and the atmozphere, canzes water eyele and generates photosynthe-
siz in plants. The solar energy reaching the surface of the earth iz about 1019 W, whereas the
world-wide power demand is about 107 W_ This means solar energy gives us 1,000 times more
energy than our requirement Even if we use 5 per cent of thiz energy. it iz more than 50 times
out requirement. The total solar radiation absorbed by the earth and its atmosphere 13 3.8 % 10
Jiyr. Figure 1.3 shows a concentrating type solar collector used to trap solar energy.

2. Wind energy
Wind energy can be economically used for the generation of electrical energy. Winds are caunzed
by two main factors:
(1} Heating and cooling of the atmosphere which generates convection currents. Heating 13 caused
by the absorption of solar energy on the earth’s surface and in the atmosphere.
(11} The rotation of the earth with respect to atmosphere and itz motion around son.
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Fig 1.3 A Concentrating-Type Solar Collector

The energy available in the winds over the earth’s surface is extimated to be 1.6 = 107 MW,
which iz -almost the zame as the present-day energy consumption. Wind energy can be viilized
to ron windmill that i tum iz vsed to drive to generators. India has a potential of 20,000 MW
of wind power.

The energy available in the winds over the earth’s surface iz estimated to be 1.6 % 107 MW,
which is almozt the same az the present-day energy consumption: Wind energy can be utilized to
ron windmill that in torn 1z veed to dive the generators. India has a potential of 20,000 MW of
wind power.

Dme to pressure differential existing between any two places on earth, air moves at high
speed. This pressure differential i cansed due to earth’s rotation and by uneven heating of the
earth by sun The kinetic energy of air can be utilized to generate electric power. The kinetic
energy per ooit volume of moving airis given by the following equation:

i 2

EaV
2

where p iz the density of air and V = average linear speed.

Figure 1.4 shows a typical windmill where water can be pumped out for irrigation and drink-
ing purpose. Here the rotational motion of the wheel can be either translated into rotary motion
{to generate electricity)) of reciprocating motion (to drive the pomp).

3. Energy from biomass and biogas
Bio-mass means organic matter that is produced in nature through photosynthesiz In the pres- ence
of zolar radiation_ water and carbon dioxide are converted into organic material CH20.

CH:20 is stable at low temperature, it bot breaks at higher temperature releasing heat equal to
460 klimole.

CH,0 + 0;— CO;= H;0 + 469 kTimole.
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Fig. 1.4 A Typical Windmill

It iz pozzible to produce large amount of carbobydrate by growing plants such as algae in plastic
tubes or ponds. The algae could be harvested, dried and burned for production of heat that could
be converted into electricity by conventional methods. The biomass can be either used directly
by buming or can be processed further to produce more convenient liquid or gaseous foels:

Three different categories of bio-mass resources are az follows:

(i} Bio-mass in its traditional solid mass such as wood and agricultoral wastes that are burnt
directly to get energy.

(11) Bio-massin its non-traditional form in which bio-mass 13 converted into ethanol and methanol
that are used as liquid fuels in engines.

(ti1) Bio-mass in fermented form in which biomass i= fermented anaerobically to obtain a zazeons
fuel called biogas that contains 55 — 63 per cent methane 30 — 40 per cent CO; and rest az
impurities such as Hz, H28 and some N3

Various resources of bio-mass are as follows:

(i) Concentrated waste — municipal solids, sewage wood products, industrial waste and mannre of large
lots.

(i) Dizpersed waster residue — crop rezidue, legging residue and dispozed manure.

(i1i) Harvested bicmass, stand by bio-mass and bio-mass epergy plantation.

Total solar radiation absorbed by plants is about 1.3 = 10X Jiyr and world's standing bio-mass
has an energy content of about 1.3 = 1021

4. Enerpy from oceans
A large amount of solar energy 1= collected and stored in oceans. The surface of water acts as a
collector for solar heat. while the upper layer of the z2a constitutes infinite heat storage reservoir.
The heat contained in the cceans could be comverted into electricity due to the tem- perature
difference (2025 K) between the warm surface water of the tropical occeans and the colder waters
in the depths. This is the basic idea of OTEC systems. The surface water that iz at higher
temperature could be used to heat some low-boiling-point organic fluid, the vapours of which
would run a heat engine. The amount of energy available from OTEC is enormous, and is
replenished continuously.

Figure 1.5 shows an OTEC plant. In this plant, sea water acts as a heat source, working fluid,
coolant and heat sink. The warm surface water at 27°C is used to beoil a low-boiling-point lig-



uid, the vapours of which run a turbine. The working fluid may be ammonia; propane or frecn
opetating at a preszore of about 10 bar.
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Dizadvantages

(1) Efficiency iz extremely low, and hence the system need: extremely larpe power plant heat
exchangers and components.

{11} Even though there iz no foel cost, the capital cost iz very high, and hence the unit power cost is
higher.
(1i1) Imvolves developmentsl problems and unecertainties of market penetration.

3_Tidal enerzy

Dre to vniversal gravitational effects of sun and moon on the earth tides in the sea are generated.
Drue to fluidity of water mass, there resolts periodic rise and fall of water level during the rising
angd setting of sun and moon. This periodic rise and fall of water level results in tidal power.
When the water iz above the mean sea level it is called flood tide (high tide); and when the
water is below the mean sea level it iz known as ebb tide (low tide). The energy dissipated with
slowing down the rotation of the earth as a result of tidal action iz about 1078 Jiyr.

The tides are thythsnic but not conzstant. Their occurrenice is due to abalance of forces, mainly
gravitational force of the moon and zun to some extent. balancing the centrifugal force on water
due to earth rotation This results in rhythmie rise and fall of water. The moon rotates around
the earth every 24 br 50 min During this period_ tide rizes and falls twice, resulting in a tidal
cycle lasting for 12 hr 25 min Thus, the tidal range B iz given by the following relation; B =
water elevation at high tide — water elevation at low tide.

This range i3 maximum doring new and full moons and 13 known as spring tide and neap tide.

To harness tides, a dam is built across the mouth of the bay with large gates and low head
hydranlic reversible terbines (Figure 1.6). A tidal basin formed thus gets separated from the
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sea, by dam. There always exists a difference between the water levels on either side of the
dam during low tide and high tide. Thus, the reverzible water turbine runs continuously

producing
power by nsing the generator connected to it
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Fig 1.6 A Tidsl Energvy Hamesaing Plant

6. Wave efiergy conversion

Waves are caused by wind that in turn iz canzed by the vneven solar heating and subsequent
cooling of the earth’s crost and the rotation of the earth When at its most active stage, wave
energy produces more power than incident solar energy at ifs peak

Total energy of waves i3 the sum of potential and kinetic energies. The potential energy
arizes from the elevation of the water above the mean zea level The kinetic energy of the wave
is that of the liquid between two vertical plane: perpeadicular to the direction of wave
propagation x and placed one wavelength apart

Figure 1.7 shows a typical wave energy conversion system. It consists of a square float that
moves up and down with the water guided by four vertical manifolds. The platform is stabilized
within the water by four large underwater floatation tanks supported by buovancy forces that
restrict the vertical or honizontal displacement of the platform due to wave action. Damping fins
may be used 30 that the platform is stationary i space even in heavy seas.

A piston attached to the float moves up and down the cylinder. The cylinder is attached to
the platform. and hence iz stationary. The piston—cylinder arrangement acts as a reciprocating
air comprezzor. The downward motion of the piston draws: air into the cylinder via an imlet
check valve. The upward motion compreszes the air and sends it through an outlet check valve
to the four underwater floatation tanks via the four manifblds. The four floatation tanks serve
the dual purpoze of buovancy and air storage, and the four vertical manifolds zerve the dual
purpoze of manifolds and float puides. The compressed air in the buoyancy-storage tanks is in
turn used to drive an air turbine that drives an electrical generator. The electric current is
tranamitted to the shore via an underground ecable.
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Fiz. 1.7 A Typical Wave Energy Conversion System

7. Geothermal energy

This is the energy that comes from within the earth’s crust. In some locations of the earth, the
steam and hot water comes aatarally to the surface. For large-zcale use_ bore holes are normally
sunk with depth up to 1.000 m releasing steam and water at temperatures 200-300°C aznd
pressure up to 3.000 KN/m® Two methods are generally used to generate power using
geothermal energy.

Method T

In this method. the heat energy is transferred to a working fluid that operates the power cycle.
It is found that molten interior mass of earth vents to the surface through fizsores at temperatures
ranging between 450 and 350°C.

Method IT

In thiz method, the hot peothermal water and/or steam is nzed to operate the torbines directly.
From the well head, steam i3 transmitted by using pipes of 1 m diameter over distances up to
3.000 m to the power plant In this system. water separators are used to zeparate modsture and
zolid particles from steam.

The heat flux from the earth’s interior through the surface iz 8.3 = 102% Jyr. The total amount
of heat stored in water or steam to a depth of 10 km is estimated to be 4 = 10%! J and that stored
i the first 10 km of dry rock iz arcund 107 J. Figure 1.8 shows a typical seothermal field.

5. Hydrozen energy

Hydrogen az'an energy is another alternative for conventional fuels. Tt can be eazily produced
from water that 1z available asbundantly i natore. It has the highest energy content per uait of
mazs of any chemical fuel and 12 a better substitute for hydrocarbons, with increased combus-
tion efficiency. It 1z non-polluting and can be uzed in fuel eells to produce both electricity and
pzefil heat However, it has technical problems such a3 production, storage and transportation.
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3. Fuel cells
These are electrochemical devices that are used for the continuous conversion of the portion of
the free energy change in a chemical reaction to electrical energy. It operates with contin- nous
replenishment of the fuel and the oxidant at active electrode area and does not reguire
recharging.

Main components of a cell are (1) a foel electrode, (ii) an oxidant or an air electrode, and (111)
an electrolyte. Some ofthe fuel cells used are hydrogen, oxygen (Hz, O2), hydrazine (NaH4, Oz),
carben‘coal (C. O2) methane (CHy, 02), ete.

Figure 1.9 shows a typical hydropen—oxygen cell popularly known as a hydrox cell. It consists of
two porous orf permeable electrodes made op of either carbon or nickel immersed

Load
I VUAAARAA * ]
- —
2 = - = H i
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Elevtrade Electrode
i KOH -
-
E: - . - H Gz

Fig. 1.9 A Hydrox Cell

in an electrolyte of KOH zolotion. Since the electrachemical reaction at the porous electrode
where gas. electrolyte and electrode in contact are zlow, a catalyst (finely divided platinum or
platinum such as material) is embedded in the electrodes. The concentration of KOH solution
iz maintained at abowt 3040 per cent, since it has higher thermal conductivity and less corrosive
compared to actds.

Working principle:



At the negative electrode. hydrogen gas iz converted into hydrogen 1ons releazing free electrons.
HiCatalyst — 2ZH ™+ 2e~ (1)

Under the influence of the catalyst in the electrode, the hydrogen ions react with the hydroxyl ions
in the electrolyte to form water:

JH +0H — 2 H:0 (2)

When the cell iz operating, the free electrons from nepative electrode flow through the external
load towards the positive electrode. The electrons interact with oxyzen and water in the electro-
byte to form negatively charged hydroxyl ions:
Co+HiO =2 — 20H (3)
The hydrogen and hvdroxyl 1ons then combine to form water:
H +0H —H:0 4
A zingle hydrogen—oxygen cell can produce an electromagnetic force (emf) of 1.23 'V at attnos-

pheric preszure and at a temperatore of 208 K. By combining the cells in series, it 1z pozzible to
generate power ranging between a few kilo-watts to mega-watts.

Advantages

(i) Since power conversion is a direct process, the conversion efficiency is as high as 70 per cent.
(i1} Itis poliution free when operated vsing hydrogen and operates with minimupm noise.

(iti) It iz compact in size and lighter in weight.

(1v) Maintenance cost 13 less due to lesser mechanical components.

Dizadvantages

(1) Itinvolves higher initial cost

(i) Ithas lower voltage.

(111) It has lower service life.

10. MHD generators

MHD generators are used for direct conversion of thermal energy into electrical energy (Figore
1.10%. They work on Faraday principle. When an electric conductor moves across a magnetic
field, a voltage iz induced in it which produces an electric current. In MHD gener- ators, the
solid conductors are replaced by a fluid that 1z electrically condocting. The working fluid may
be either an ionized gas or liquid metal The hot, partially ionized and compressed pas 13
expanded in 3 doct, and forced throngh a strong magnetic field, electrical potential iz
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Fig. 1.10 Ponciple of MHD Power Generation

generated in the gas. Electrodes placed on the side of the duct pick-up potential generated in the gas
The direct current thus obtained can be converted into AC paing an inverter.

The system iz zimple with large power and temperatore-handling capacity without any
moving parts. It iz highly reliable and can be brought to foll load within 43 sec. Power output
can be changed from so load to full load in fraction of 2 second.

11. Thermionic converter

Figure 1.11 shows a thermionic convertor. It consists of two electrodes held in a container filled
with tonized cesinm vapour. Heating one electrode “boils out™ electrons that travel to the oppo-
zite colder side electrode. The positive tons ih the gas neutralize the space-charpe effect of the
electrons that normally prevent the flow of electrons. lonized gas offsets space-charge effect
that tends to repel mipration of electrons:

Electrons that are emitted by heating cathode are migrated to cooler anode collector and flow
through cuoter circuit to develop electric power. Low-work function materials such as bar- inm
and stromtinm oxides are psed for anodes, whereas high-work fiunction materials such as
Tungsten impregnated with barium iz wsed for cathodes.
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Fig:1.11 Thermionic Converter

12_ Thermoelectric power

It iz a device that converts heat directly into electric power. It eliminates the coaversion of heat
into kinetic energy of gas or steam flow. Its principle i3 bazed on Seebeck effect: If two
dissimilar materials are joined to form a loop aad the two junctions are maintained at different
temperatures, an emf will be developed arovnd the loop. The

Haat mput
l l l magnitnde of the emf (E) developed by the above
_ process iz proportional to the temperature
TT difference between the two junctions. Figure 1.12
ulurquud\f:\ shows a thermoelectric generator.
J"‘/ Ea{T:-T)=aTe—T5)
where Ty = Temperature of hot jonction; T =
-0 Temperature of cold junction; o = Seebeck
~Lond coefficient

The hot junction 13 maintained at a temper-

ature Trnby the applied heat source that may
Fig. 1.12 Themoelectric Generator



be zmiall oil or gas burner, a nuclear reactor, or

direct zolar radiation by paraboloidal concentrator, and the cold junetion is maintained at T by either
water cooling or radiative heat transfer

The amount of power generated in a country depends on the utilization of natural resources
available in that country apart from its geographical loeation. Total power generated iz usually
contributed by power generated by hydel plant. thermal power plant and nuelear power plant
The amount of power available by a hydel plant entirely depends on natural sites available and
on the hydrological cyele in the area concerned. Since the amount of the ramfall varies con-
siderably over years, it 15 difficult to run a hydel plant without sufficient water sonrce. Thus for
variable load conditions. a hydranlic power plant 13 not reliable. Thi= difficulty 13 overcome by
instafling a thermal power plant. The advantage of steam power plant 13 that human beings can
create the site near a water resource and foel resource. The steam power plant can be psed as a
base load plant along with a hydel or oouclear power plant.

1.2 FACTORS AFFECTING SELECTION OF SITE

Selecting a proper zite for a thermal power plant iz vital for its long-term efficiency. Many
factors have to be considered. deciding suitable location of & plant As it mav not be possible
to satizfy all requirements in one place, an ideal location shounld contain an optimum mix of the
feasible requirements, for long-term economic justification of the plant. In this section, zome

major factors that need to be considered while selecting the site for major power plants are
listed below.

1.2_1 The Factors to be Considerad for Site Selection of

Steam Power Plants

The factors to be considered for site selection of steam power plants are bot oot limited to.
nearness to load centre, supply of water, availability of coal, availability of land at a reasonable
price, transportation facilities. availability of labors and distance from populated area.



1 POWER PLANT

The following two purposes can be served by a steam power plant :
1. To produce electric power,
2. To produce steam for industrial purposes besides producing electric power. The stean

ed for varying purposes in the industries such as textiles, food manufacture, paper mills,
and refineries etc.

CLASSIFICATION OF STEAM POWER PLANTS

The steam power plants may be classified as follows :
1. Central stations,
2. Industrial power stations or captive power stations.

1. Central stations. The electrical energy available from these stations is meant for ge
o the customers who wish to purchase it. Generally, these stations are condensing type
xhaust steam is discharged into a condenser instead of into the atmosphere. In the cond
ressure is maintained below the atmospheric pressure and the exhaust steam is conden:

2. Industrial power stations or captive power stations. This type of power stat
yy a manufacturing company for its own use and its output is not available for general
1ally these plants are non-condensing because a large quantity of steam (low pressure) is rec
fferent manufacturing operations.

In the condensing steam power plants the following advantages accrue :

(i) The amount of energy extracted per kg of steam is increased (a given size of the eng
ne develops more power).

(ii) The steam which has been condensed into water in the condenser, can be recircula
oilers with the help of pumps.

In non-condensing steam power plants a continuous supply of fresh feed water is rec
h becomes a problem at places where there is a shortage of pure water.

LAYOUT OF A MODERN STEAM POWER PLANT

Refer Fig. 2.2. The layout of a modern steam power plant comprises of the followin;
1ts

1, Coal and ash circuit,

2. Air and gas circuit.

3. Feed water and steam flow circuit,

4. Cooling water circuit.

The brief deseripation of these circuits is given below :
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ﬁ Thermal Power Plants

INTRODUCTION—POWER PLANT ENGINEERING

In the modern scenario. the nead for electricity is inereasing very rapidly. Electric pover is conzidered as the
heart of any industry. Electricity i3 used in our day-to-day life for lighting, heating, liftivio, and cooking and
zi0 on. Therefore, it is necessary to produce electricity in large scale and alzo economically. The large zcale
power production could be achieved only by means of suitable power producing onits like pover plants. The
most commonty szed power plants are steamithermal, Gas. Diesel, Hydroelectric and nuclear power plants.
The mizin azpectz conzider while constructing or desigming a power plant 15 the selection of proper location
and appropriate equipments for the plant such that maxsmum outpot is achieved. The generated power must
alzo be cost effective; reliable and fairly mminterrupted.

CLASSIFICATION OF POWER PLANTS
Bulk electric power 1z generated by special plants known as generating stations of power plamts. A
generating station consists of a prime mover coupled to an alternator to produce electric power.

The prime mover converts different energy forms like Linetic energy. potential energy, chemies] energy.
tnto mechanical energy. The afternator converts the mechanical energy to electrical energy.

Depending upon the energies or input converted by prime mover into mechanical anergy, the power plants
are classified as follows:

1. SBteam power plants

2. Hydroelectric power plants

3. Diesel power plants 4. Nuclear power plants:

1.3 SOURCES OF ENERGY

The energy sources can be claszified as
* Conventional energy sources or Non-renewable energy sources
* Non-conventional energy sonrces of Renewable energy scurces

1 3.1 Conventional Sources of Energy
The conventional resources are finite and exhaustible. Once consumed, these sources cannot be replaced by
others. Examples are coal, tumber, petroleum, lignite, natural zas_ fossil fuels, nuclear foels ete.

1
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UNIT-I

INTRODUCTION TO POWER PLANTS AND BOILEES

1.1 STEAM POWER PLANTS:

A thermal power station 1s a power plant 1n which the prime mover 15 steam dniven.
Water 15 heated, turns into steam and spmns a steam turbine which drives an electrical
generator. After it passes through the turbine, the steam is condensed in a condenser and
recvcled to where 1t was heated: this 1s known as a Rankine cycle. The greatest variation in
the design of thermal power stations 13 due to the different fuel sources. Some prefer to use
the term energy center because such facilities convert forms of heat energy into electricaty.
Some thermal power plants also deliver heat eneroy for industrial purposes, for district
heating, or for desalination of water as well as delivening electrical power. A large proportion
of CO; 15 produced by the worlds fossil fired thermal power plants; efforts to reduce these

outputs are various and widespread.

LAYOUT OF STEAM POWER PLANT:

J

i ™ Filus gases Jprang Power
Coal prehaater * ransmEsnn
uarsclarg : e
¥
&}

The four main circuits one would come across i any thermal power plant layout are

1
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= Coal and Ash Circmt
= Ajgrand Gas Cireuit

- Feed Water and Steam Circuit - Cooling Water Circuit

MMANEANDAN APMECHN Eg i{-
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Coal and Ash Circuit

Coal and Ash circuit 1n a thermal power plant layout mainly takes care of feeding the
boiler with coal from the storage for combustion. The ash that 1s generated during combustion
15 collected at the back of the boiler and removed to the ash storage by scrap conveyors. The
combustion m the Coal and Ash circuit 15 controlled by regulating the speed and the quality
of coal entering the grate and the damper openings.
Ajr and Gas Circuit

Air from the atmosphere 15 directed into the furnace through the air preheated by the
action of a forced draught fan or induced draught fan The dust from the air 15 removed before
it enters the combustion chamber of the thermal power plant lavout. The exhaust gases from
the combustion heat the air. which goes through a heat exchanger and 1s finally let off into the
environment.
Feed Water and Steam Circuit

The steam produced in the boiler 15 supplied to the turbines to generate power. The
steamn that is expelled by the prime mover in the thermal power plant layout 1s then condensed
i a condenser for re-use in the boiler. The condensed water 15 forced through a pump into the
feed water heaters where 1t 1s heated using the steam from different points in the turbine. To
make up for the lost steam and water while passing through the various components of the
thermal power plant lavout, feed water 15 supplied through external sources. Feed water s
purified in a purifving plant to reduce the dissolve salts that could scale the boiler tubes.
Cooling Water Circuit

The guantity of cooling water required to cocl the steam in a thermal power plant
layout 15 significantly high and hence 1t 1s supplied from a natural water source like a lake or
a river. After passing through screens that remove particles that can plug the condenser tubes
in a thermal power plant layout, it 18 passed through the condenser where the steam i1s
condensed. The water is finally discharged back into the water source after cooling. Cooling
water circuit can also be a closed system where the cooled water 1s sent through cooling towers
for re-use in the power plant. The cooling water circulation in the condenser of a thermal

power plant layout helps in maintaming a low pressure in the condenser all throughout.

-
=
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All these circuits are integrated to form a thermal power plant layout that generates

electricity to meet our needs.

MMANIKANDAN-APMECHN 2014-2015

Advantages
Generation of power 15 continuous.
Initial cost low compared to hyvdel plant.
Less space required.
This can be located near the load centre so that the transmission losses are reduced.

It can respond to rapidly changing loads.

Dizadvantages

Long time required for installation.

| Transportation and handling of fuels major difficulty.
Efficiency of plant 1s less.
Power generation cost 15 high compared to hydel power plant.

L Maintenance cost is high.

1.2ZHYDEL POWER PLANTS

Hydroelectric power plants convert the hydraulic potential energv from water into
electrical energy. Such plants are suitable were water with suitable head are available. The
layout covered in this article is just a simple one and only cover the important parts of
hwvdroelectric plant.
LAYOUT OF HYDEL POWEE PLANT:
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Trash rack Supporiing
blocks
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(it1) Difficulty in controlling the guality of condensate 30 as to maintain state 3.
{iv) Dafficulty in isentropic compression of wet vapour to maintain saturation point 1.

% Rankine Cycle
N Fipure 4.5 showz a
Rankine cyele, l Boifler |+ which
4 ; ;
forms the basic working cycle of steam e
power plants. In thiz cyele, feed water sup- plied
bra Pummyp multistage feed pump i= raized into
Wompe= steam in a botler: The high-pressure steam i3
Condenser expanded in the turbine, generating work
ot 3

* After expansion, the steam is condensed in a
condenser and the cycle repeats. In a real cycle, doe to imreversibility, losses are present
and the cycle efficiency decreases.
Fig. 4.5 Fankme Cyele Figure 4.6 shows a simple Rankine cycle
on p—\ and T—s diagrams. In thiz cyele, esther
zaturated steam enters the turbine at point 1 or superheated steam enters the turbine at point
1". Cycle 1-2-3—4-b—1 iz 2 saturated Rankine cycle and cycle 1'-2-3—4—b—1" iz 5 superheated Rankine
cycle:

Fig. 4.6 Rankime Cycle on p-V and —s Diagrams

The cycle haz the following reversible processes:
(1) 1-2or1'-2" Adiabatic reversible expansion through the torbine. The exhanst vapour at the
end of expansion at 2 or 2 is psuvally in the two-phase region.

(it} 23 or 2'-3: A two-phaze mixture constant temperatore and pressure process. Heat i3
rejected in the condenser at constant pressure.



(i) 3—4: Adiabatic reversible compression. The pump incfeaszes saturated liquid at condenser
pressure at 3, to subcooled liquid at the steam generator prezssure, 4. Line 3—4 12 a vertical
line az the liguid iz incompressible and pump work 12 adiabatic reversible.

(1w} 4-1 or 4-1": Heat iz added at constant prezzure in the steam generator. It i3 shown by the
line 4b—1-1" During the process 4—b. subcooled liquid at point 4 becomes
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zaturated at point b. Thiz conversion cccurs in the economizer of the steam generator.
During the process b—1. saturated liquid at point b iz heated at constant pressure and
temperature to saturated vapour at point 1. Thiz change oceurs in the evaporator or
boiler. Process 1-1' corresponds to the conversion of saturated vapour at point 1 to
superheated vapour at point 1" in the super heater.

Let h)= enthalpy of satnrated vapour at 1 hy'=
enthalpy of superheated vapour at 1’
hz = enthalpy of steam vapour at 2 hy
= enthalpy of steam vapour at 2
h; = hs3;= enthalpy of water at point 3 hy
= hr4= enthalpy of water at point 4
hy = hit= enthalpy of water at point b

i(v) Heat added per unit mass at constant pressure process 4—b—1 or4-b—1"is given by ga=h1—hr
41T ke satnrated vapour cyele ga="hi— hra klkz superheated vapour eyele
(vi) Heatrejected at constant pressure procesz 23 or 2-3 is
qr = h2— hr3LkT/kg saturated vapour cyele gr=
by — hr: kl'kg superheated vapour cycle
(vit) Turbine work during the process 12 or 1'2 i3
wr=h;— hyklkg satnrated vapour cycle wr
=h1— h2kJkp superheated vapour cyele
(witt) Pumpwork during the process 3—4 13
wp=hi4—hizklkg
=v3 (ps—p3) klkg
1. Network done

Wet work for saturated vapour cycle =
Heat added — Heat rejected

= {h1—hf4) — (h2— hr3)
= {h;— ha) — (hes— he3) klkg
= (hy—hy) —wy



Wet work for superheated vapour eyele =
Heat added — Heat rejected

= (h1'—hi4) — (b2 — hi4)
= (b~ ) — (hes — es) kg
= (hr—he) —wp

2. Thermal efficiency Thermal

efficiency is given by
gaA
150 Power Plant Engineering
Thermal efficiency for saturated vapour cycle

(B k)

(hr | kf4)

Thermal efficiency for superheated vapour cycle
(hy By )

Wp

Wp

(hr ' hi4)

4321 Actual and Ideal Procezses for a Rankine Cycle

As mentioned earlier, in an actnal Rankine cyele, due to the irreversibilities in various
compeonents arizing out of fluid friction and heat loz: to the surroundings, pressore drop i the
boiler, condenser and piping system is inevitable. To overcome the pressure drop, it 13 essential
to supply feed water to the system at sufficiently higher prezsure than the ideal cyele. This
rezults in higher power consumption Both ideal and actnal cycles are shown in Figure 4.7(a)

and (b).

T
Idenl Cyele

]
Presswre drop in

the boiler

Pressure drop
i e
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Fig. 4.7 Actual and Tdeal Proceszes for a Rankine Cycle

Due to the heat loss to the surroundings turbine worlk: decreases resnlting in lower efficiency, given
by the following equations. Pump efficiency for an actual cyele is given by
h | ge he—Hh

v
ga hy'Th

Turbine efficiency for-an actual cycle 13 give by
hilga— halhaz
gwhi || hz

The work ratio is defined as the ratio of net work output to positive work output.

Whet Wr— Wp
i. e.. work ratio = =

“.1'1_ “TT
The capacity of a steam plant is often expressed in terms of steam rate, which is
defined as the rate of steam flow (kg/h) required to produce unit shaft output (1
k'W). It 1s also called as specific steam consumption (S.5.C.).

Therefore,

SSC= e = 1
kg . 1kJ/s

Wf;,gr WT - W pk.I ].kw

1 kg 3600 kI

Wr—W,kWs Wr— W ,kWh
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Fig. 4.15 Efficiency and Specific Steam Consumption versus Botler Pressure
Example 4.1

A zimple Rankine cyele works between the boiler pressure of 3 MPa and condenser presanre of
4 ¥Pa The steam iz dry saturated before the throftling in the turbine. Determine

(1) Rankine cycle efficiency
(11} work ratio

(11} specific steam consumption
Solution: From the steam tables at 3 MPa (30 bar) and saturated vapour condition

hy=280213 kl'ks

4

/3 2

T
hz=hf2+xhfs2

=1214 +x2 % 24331
But. process 1-2 1= izentropic,

~51=06.1838 =s2= (362> x2sfz 1M kPa
1e 6.1838=04223 - x> 30550 =x=0.7154

-1

Hence, ho=121.4 =0.7154 = 24351



=1862.04 kT'kg
(1)} Rankine cvele efficiency,

Pump work = v3 {ps — p3) wp =
0001 (30— 0.04)100
=31klks
hf4=hr3+ wp

=1214+3
Steam Power Plant 133

=1244 57 ks

b= lhi bt L] 7wy

i_hi |hf4l_J

[ 128023 186204 (13

[128023 1244

(i1) Work ratia

Wr=Llhi Tho ' | | wp

[hy “ms LI
| 28023

1862.041] (13

=_ = {.997
D40.26 (1)
Specific steam consumption

lm



Turbine work
1 101 3600

(h1 ha) | 28023 11862.04!!]
3600

94026
=383 kekWh

Example 4.2

In a steam power plant operating on 1deal Rankine cycle, steam enters the turbine at 20 bar with
an enthalpy of 3248 kJ'kg and an entropy of 7.127 LI'kgz K. The condenser pressure 15 0.1 bar.
Find the cycle efficiency and specific stesm consumption in kgktWh. Do not neglect pump
work. You may make use of the extract of steam table given below.

P t itz b ET kg s 2 kdkp
(bar) §o) |
200 | 2124 o088 1890.7 2447 6.331
01 ; 4581 101 83 25847 084093 8.1502
156 Power Plant Engineering :
Tt Solution:
At 20 bar, by =
3248 klkg 51 =
T12TkNke K
As process 1-2 13 isentropic,
z1=12
=sf1<x2 |3
1e 7127=06403 + x2 =
(8.1502 —0.6493) = < oxr= 0864
At 0.1 bar,

hr=hf2+x2hfe2
= 19183 + 0.864 = (2384.7 — 191 83)

= 191.83 + 0864 = 239287
=3250 2T klkg



Pump work, Wp=vi{ps—p3)
But, vi=vi=0.001 m:".-']cg at 0.1 bar from steam tables* - Wp=0.001 (20 -
0.13100
=1.90 klks
Now, Wp=hf4—hf3
s hra=Wp+ hrzat 0.1 bar
=190+ 19183
=193 82 klkg
Rankine cycle efficiency /by ha| |

Wy

[Thy Iheq L[]

13348 1 225027 |
1.92

[ 13248 193:82] |
986.74

305418

=32.31% Specific
steam consumption
3600
m=
Turbine work
11 3600 3600

(hi [ hx) 3248 | 2259027

=3.64kgkWh
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Example 4.3

A zteam torhine recerves steam at 15 bar and 300°C and leaves the torbine at 0.1 bar and 4% moisture.
Determine

(1) Rankine efficiency
(i) ‘steam consumption per KW per hour if the efficiency ratic 13 0.70

(1) Carnot cycle efficiency for the given temperature limifs



(iv) change in Rankine efficiency and specific conzumption if the condenser prezsure 12 reduced to
0.04 bar

Solution:
From the steam tables, at 15 bar 300°C,
hi=3038.9kIkg T si = 69207 N 1
klkg
At 0.1 bar and 4% dry,

ha=hf2+x2hfz2

0.1 bar 3

=1018+-2302 9= 006 3p= -
0,04 bar 1
=2488.98 El'ks /3 2

s1=s2 =sfr+x2' sfgl

At 0.04 bar

6.9207=04225 +x' % 8.0530 “x'=081
Hence, hr=hir+xrhifs
=1214+0.81 = 24331
=200221%3%kg
(1)} Rankine efficiency
pump work = Wp=1v3(ps— p3)
but, va=vrat 0.1 bar
=0.001 m kg
& Wp=0.001 = (15-0.1) = 100
=149klkg
Agam. Wp=hrs—hs3
hra=149+ 1918

=10329 kl'ks
158 Power Plant Engimeering

Hence, Rankine efficiency _|h;  hs

Wp
n=
[ I8y [ hey [ [

| 130380 2488080 149




30389 19329 |

54843
[ =0.193
28456
=10350%
{11} Specific foel conzumption
Indicated thermal efficiency
Now. effictency ratio =
Rankine efficiency
Indicated thermal efficiency = 0.7 * 0,193 = 0.135
But, indicated thermal efficiency,
3600
0135 e —
Turbine work
=113600 m
| by = ho
LIL)
& specific fuel consumption
300 m =

0.135 150380 | 248898
=4840 kg Wh

{iit) Carnot efficiency

N = Tmax Tmax | Tmin

but, Tm=300°C
Twin=435.83°C at (.1 bar

300 | 4583
Hence, n=300  273=04434

=44 36%
(iv) Chanpge in Bankine efficiency and specific fuel consumption at 0.04 bar condenzer presanre
At 0.04 bar, condenser pressure

Vi=Vi3=0.001 m3kg
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Example 123 Steam at 20 bar, 360°C is expanded in a steam turbine to 0.08
bar, It then enters a condenser, where il is condensed to saturated liquid water.
The pump feeds back the water into the boiler. {a) Assuming ideal processes, find
per kg of steam the net work and the cycle efficiency. (b) If the turbine and the
pump have each 80% efficiency, find the percentage reduction in the net work and
eycle efficlency.
Solution  The property values st different state points (Fig, Ex. 12.2) found from
the steam tables are given below,

hi=31583klkg 7 =69917 kg K

hy=hga= 17388 kikg 5, = 5, = 05026 ki/kg K

by, = 24031 klkg 5. =828 KIkp K
Vip, = 0001008 mr'/kg - Fppe = 16361 kdkg K

MNow 8y = 8, = 69917 = 5 o+ 1, Sy, = 0.5926 + 37,6361
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_ 63991

=083

76361
oy = figy, * 2, by = 17388 + 0,838 x 2403,1
= 218768 kg

3
m kM
{a) W, = by = hy = vy, (o) = p3) =ﬂ.numua-E % 19.92x 1005

=2.008 kl’kg
hy, = 175.89 kitkg
W=y~ by,
=31593 - Z187.68 = 97162 klkg
W, = Wy- Wp=969.6] kifkg
E. = #; iE Fl_h = 31593 1T75.89 Ans.
= 2983 41 klikg

Meyete = -’—E‘-'!'— =-25~;I%'—~'§-I— =0.325, or 32.5%
(b} 1f M= 8%, and 1) = 80% Ans.
2.008
o= 2008 o251 ki
[ 0.4 £

W =08x971.62="T77.3 klkg
W= Wy— Wyp=774.8klke
.. % Reduction in work output
_ 36961 —T74.8
965,61
By = 17388 + 2.51 = 176.30 klikg
2, =3159.3 - [T6.39 = 298291 klikg
L7748
Merete ™ 3082 01

w 100 =20.1% Ans.

= (.2597, or 25.97%
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2 % Reduction in cycle efficiency
D325~ 0.2597

® 100 =20,1% Ans,
0.325

Example 123 A cyclic steam power plant is to be designed for a steam
temperature at wrbine infet of 360°C and s exhaust pressure of 0.08 bar. Afler
isentropic expansicn of steam in the turbine, the moisture content at the turbing
exhaust is not to exceed 15%. Determine the greatest allowable steam pressure at
the turbine inlet, ond calculate the Rankine cyele efficiency for these steam
conditions. Estimate also the mean temperature of heat addition.

Solution  As state 2¢ (Fig. Ex. 12.3), the quality and pressure are known.

e
4
L]
Fig. Ex. 123
83, = 8¢+ 5y, g, = 0.5926 + 0.85 (3.2287 - 0.5926)
= T7.0833 kifkg K
Simce 5y =X,

sp= T0B kg K
At state 1, the temperature and entropy are thus known. At 360°C, 5, = 5.0526

klkg K, which is less thon 5. S0 from the table of superhcated steam, at
£, = 360°C and #, = 7.0833 ki/kg K, the pressure is found to be 16.832 bar (by
interpalation).
< The greatest allowahle steam pressure is

Py = 16,832 bar Ans,

fy = 316554 klkg

iy, = 17388 + 0.B3 x 2403.1 = 2216.52 klkg

ky= 173,88 klikg

hyy— by =0.001 = {16.83 — 0.08) x 100 = 1.675 kl'kg

hy, = 175,56 kl/kg

Q,=h, - h,,=3165.54 - 175.56

« 2990 klkg
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Wy = hy — hy, = 316554 — 2216.52 = 949 kl/kg

Wy = 1.675 kl/kg

Wi _ 247.32
Meyete = 25 = “22=2 = 0,3168 or 31.68% Ans.

a
hiean temperature of heat addition

T _'hl_hll__ 2990

=l g —g, 1.0833-0.5926
= 460.66 K = 187.51°C,

Example 12.4 A steam power stalion uses the following eyele:

Steam at boiler outlet—150 bar, 550°C

Reheat at 40 bar to 550°C

Condenser at 0.1 bar,

Uying the Mollier chart and sssuming idegl processes, find the (o) quality st
turbine exhaust, (b) cycle efficiency, and (o) steam rate.
Selutior  The property values at different states (Fig. Ex. 12.4) are read from
the Mollier chart,

Lot

Fig. Ex. 124

hy = 3465, hy, = 3065, ky = 3565,
hyy = 2300 kl/kg x4, = 0.88, helsteam tablc) = 191.83 kiikg
Qruality at turbine exhaust = 0.88 Anx. {a)
Wp =0 Ap= 107" % 150 % 107 = 15 kd/kg
by, = 206,83 klkg
@y = Uy = hgy) + Uiy - by,
= (3465 — 206.83) + (3565 - 3065) = 3758.17 kikg
W = (hy = liggh + Uy = Ay
= (3465 — 3065) + (3565 — 2300) = 1665 klkg
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ing the pressore and the temperature of steam entering the turbine If the steam pressore is

Reheat Cycle

As evident from our earlier discussion, efficiency of the simple Rankine evele increases by increas-
mereased at the turbine mlet expansion ratio of the turbine also imcreaszes and hence steam

becomes very wet at the end of expanzion Thiz has an ill effect of erozsion and comosion of



turbine blades, maximiz- ing the loszes, rezplting in drop 10 efficiency of nozz le and blades.

This difficulty iz overcome by extracting steatm at a suitable point in the turbine and reheating

it again by some means.

A zchematic diagram of a reheat cycle 1z shown in Figure 4.17.

In this cycle, the steam at point 1 is expanded m the turbine and a part of the steam 13 extracted
at point 2 and returned back to the steam generator. Hence, the extracted steam is agam heated
at constant pressure (ideal case) to a temperature at 3, buot nearer to temperature at 1. The

reheated steam expands in the LPT to the condenser pressure.

Super
heater

Boiler

Economizer

p—
gi

Heheater

HF
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Advantages of reheat cyele are as follows:
(1} Dryness fraction of steam coming out of the turbine increazes resulting in reduced erosion
and corrosion of blades. Dryniess fraction iz mamtained well above 90 per cent.

(i1} At higher operating pressure (pi), thermal efficiency of the cycle increases provided the
ratio of reheat pressure p; to the initial pressure p is limited between 20 and 25 per cent.
(it1) Specific fuel consumption decreases.
In most of the power plants, reheating 15 limited to a maximuom of two stages and higher operating
prezsures due to cycle complication and increased capital costs.

An ideal reheat evele i shown in Figure 418 on the T—= diagram and h—s diagram.

31 {B1

Fig 418 Reheat Cyrle T—s Diapram and h—s Diapram
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Solution: From the steam tables, "
At 2 MPa and 500°C
h3=34673klkp
At B kPa,
hes=1739 Elks
Thermal efficiency of the turhine,
Now, hi— ha = 650 kl'kg hy — ha = 760 kI'kg Net
wotk done by the turbine 5

Wr= (h1— hz) + (ha—ha) 5.
=650+ T60= 1410 LIz

Heat supplied during the process,
gA= (bl —hes) = (ha—ha) =
(hi— ha) + (ha— bss)



=630+ (34673 - 173.0)
=3943 4 kTkp

wr 1410
n=__ . 0.3576
qu 39434

=35.76%

Regenerative Cycle
Az it 45 known, reheating has limited ability to improve the thermodynamic efficiency of the
cycle bot is goite useful in the reduction of moistore in the turbine. However, it iz observed that
the largest zingle loss of energy in a power plant occurs at the condenser in which heat iz rejected
to the coolant. Hence, reducing this rejected heat drastically improves cycle efficiency.

In both ideal Pankine and reheat cycles, the conden- sate is returned to the boiler at the
lowest temperatore of the cycle. The fluid 15 heated to saturation by direct mixing in the steam
drem of the botler, by furnace radiation in boiler tubes or by gas convection heating by the
flue zazes in the economizer All these methods involve large temperature differences and are
inherently irreversible: Instead of resorting to such procedure, a method of feed water heating
is considered.

168 Power Plant Enpineenng

An ideal regenerative cyvele 13 shown in Figure 4.19.
The steam expands in a reversible manner such that B
area under the curve 2-3 (2-3-4-B-2) would be exactly Fig. 419  Idesl Regenerative Tz

Diagram
equal to the ares under the curve 6-1 (6-1-A4—5-6). That T
means the increase in entropy during heatino equals to the
decreaze during the expanzion and cooling of vapour. Thos,
the cycle iz equivalent to a Camot evele operating between
maximum and minimnm temperatures.

In practice, the id=al eyecle is approached by allowing
the condenzate from the feed pump to be heated in a /

separate heater or heaters by steam extracted from the 1
turbine after it was partly expanded and wotk done. The >
extracted steam either mixes directly with the condensate, az in an open heater, or exchanges
heat indirectly and condense az in a closed heater. The schematic of an ideal regenerative cycle
power plant i3 shown in Figure 4 20
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Fig: 420 Ideal Regenerative Cvele Power Plant

An infinite number of heat exchangers. known as feed water heaters, are essential in order to
carryout ideal regeneration process. These feed water heaters are used to preheat the condensate
with steam extracted from the steam turbine. This is practically not feasible. In addition the
thermal efficiency gain due to the addition of heaters drops as the number of heaters increases.
A point 13 reached so that further addition of heaters iz no longer economically justified due to

the increased capital cost. In practice, maximum six to seven heaters are emploved in very large
power plants (refer Figure 4 21).
Work done by the turbine during process 3—4, 4-3, 56 and 67
wr={ha—hs) + {1 —m1) (hs—hs) = (1 — mi—m3) (hi— he)
+ (1 —m1— mz>—m3) (hs— h7)

1. Net work done by the cycle
= Heat added — Heat rejected = q3—qr

= (ha—hs1) — {1 — m1— mr1—m31) (h7— hy)
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Flg. 1221 Regenerative cycle on A=r diagrem

12.9 Reheat-Regenerative Cycle

The reheating of steam is adopted when the vaporization pressure is high. The
effect of reheat alone on the thermal efficiency of the cycle is very small,
Regeneration or the heating up of feedwater by steam extracted from the turbine
has a marked effect on cycle efficiency, A modem steam power plant is equipped
with bath. Figures 12.22 and 12.23 give the flow and T-x disgrams of a steam
plant with rehent and three stages of feedwater heating. Here
W= (hy = d) o+ (1= my) Oy = k) (1 = my) O = hg)
(0 —my —my) (hg— ) + (1 —my —imy— ) (B — B7) klieg
Wy = (1 = my = iy = mig) (A= hy) + (1 =my = mig) (B = Ayl
+{I _mj}{ﬁu_-iu-}'i' I[hu—hu} Mﬂs

kg
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Fig. 1223 T-s diggram of rekeci-regeneratios cyele

O =y = By H 00 =) Ly = Ba) K kg

and

@y = (1 = my = my = my) (Fra = hy) kg
The energy balances of heaters 1, 2, and 3 give

oyl (1 iy = 1ok,

mghs + (1 —my ~ma)hy = (1 —my )y,
mishg + (1 — my—ms = mabhy = (1 = m; = msdhy,

from which my, m,, and sy can be evaluated.

110 Feedwater Heaters

Feedwater heaters are of two types, viz,, open heaters-and closed heaters, In an
open or conlael-type heater, the extracted or bled sienm is allowed 1o mix with
feedwater, and both leove the hester ot o common temperature, as shown in
Figs 12.1% and 12.22. In a closed heater, the Muids are kept separate, and not
allowed to mix together (Fig. 12.24). The feedwater flows through the wbes in
the heater and the extracted steam condenzes on the outside of the wbes in the
shell. The heat released by condensution s transferred to the feedwater through
the walls of the tubes. The condensate (saturated water af the steim eximction
pressure), sometimes cabled the heater-drip, then passes through a tap into the
next lower préssuce heater. This, to some extent, reduces the steam required by
that heater, The trop passes only liquid and no vapour, The drip from the lowest
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(1) Dhirece metfrod
In direct method, efficiency 1s calculated for a non- reheat (NRH) unit as follows:

= Ll awviad |

=

v, -
With the ..
(i} fedirect or fo 5 method
In the indirect method, by knowing the losses, one cun estimate the efliciency.
Thus
Efficsency = 100% — Losses
The advantages of this method 15 that even if some errors are present in measurement, it will not
alter the efficiency drastically,

ACCESSORIES FOR THE STEAM GENERATOR

Boiler accessories are the appliances that ensnre the improved efficiency of a beiler. Boiler
accessofies may be installed either inside or ontside a boiler
Mozt commonly used boiler accessories are the following:

Economizer
Superheater

Air preheater
Feed water pump

Pressure-reducing valve

O Y

Steam trap

7. Steam separator
The function of all the accessories 15 briefly discussed below.

1. Economizer
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The function of the economizer is to recover a portion of heat of the exhaust gazes before the
flue gases enter the chimney and discharged to the atmosphere. The economizer is placed in the
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path of the flue gazes in between the boiler exit and entry to the chimney. Feed water coming
from the feed pump when paszed through the economizer tubes abzorbs the heat in the exhaunst
gazes. This increases the temperature of water entering the boiler. Due to the high temperatore
of feed water, fiel consumption reduess, and this increaszes the overall efficiency of the boiler.

2. Superheater

The function of the superheater is to increase the femperature of steam above itz zaturation
temperature. As heat contained in nnit mass of superheated steam 13 more than dry satorated or
wet steam, it 15 used extensively in steam power plants. Steam from the boiler drum iz passed
through superheater tubes. Superheater tubes are placed in the fumace along the passage of flue
gzaszes. Temperature of steam is thus raized above the saturation temperature.

3. Air preheater

The function of the air heater 15 to recover the heat of'a portion ofexhaust flue gazes before the
flue gasez enter the chimney. It iz placed along the pazzage of the exhaust flue gazes in between
the economizer and the chimmney.

Air from the forced draught fan iz passed over the preheater tubes that contain flue gazes
Temperature of air is increased, and this high-temperature air enters the furnace. Due to higher
air temperature, combustion ofthe fiuel becomes rapid and fuel consumption becomes less. This
increases the overall efficiency of the boiler. Two types of air heaters are generally nsed.

{1} Tubular or recuperative air preheater

This type of air preheater i3 composed of steel tubes through which hot flue gazes flow. Air is
made to circulate over these steel tubes and thus gain: heat

(it} Regenerative air preheater

This type of air prehieater consistz of a rotor that turns at about 2—3 rpm. The rotor iz filled with
thin cormugated metal elements. Hot gases pass throngh one-half of the heater and air throngh
the other half As the rotor turns, the heat storage elements transfer the heat absorbed from the
hot gazes to the incoming air.

4_Feed water pump

The function of the feed pump iz to pomp water at high pressure to the water space of the boiler
drum. Many types of feed pumps are used.

(1) Rotary pomps
They are either driven by electric motors or'small steam turbines. Water iz pumped due to rotary
action of the impeller.

{if} Beciprocating pumps
They are continuously run by steam from the same boiler to which the water iz fed. Water is
pumiped by reciprocating action

3. Pressure-reducing valve



The fonction of the prezzure-reducing valve iz to maintain constant pressure on the delivery side
of the valve with the fluctuating boiler pressure. Whenever the steam demiand it fluctuating, it
becomes very difficult to maintain vniform pressure. In such cases; a pressure-redocing valve
is connected to the steam supply line
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6. Steam trap

The function of steam trap 1= to drain off water resulting from the partial condensation of steam
mn the steam pipe lines and jackets without allowing the steam to escape through it Water
collected in the zteam pipe lines results in hammering, thereby damaging the pipelines and
Joints. Two types of steam traps are generally uzed: (1) bucket type or float type and (1) thermal
expansion type.

7. Steam separator

The function of the steam separator is to separate the water particles in suspension that are
carried by the steam coming from the boiler. If suspended water particles enter the turbine or
engine, they cause erozion and corrosion of blades and other parts. It 1= always installed as close
to the engine or turbine a3 possible on the main pipeline.
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Electrical Dust Collector (Electrostatic Precipitators)

With stringent air quality restriction by the governments. a majority of the power plants in the
world vse electrostatic precipitators (ESPs) for dust removal. An ESP can handle large volumes
of flue gases accompanied low pressure drop and high collection efficiency (99.5 per cent). It
facilitates easy removal of dust particles.

Figure 3.43 shows a general arrangement of an ESP. It consists of two sets of electrodes: the
emitting or discharging electrode and collecting electrode In the case of a tobular-type
precipitator, emitting electrodes are placed in the centre of the pipe whereas in the case of plate-
type precipitator, emitting electrodes are placed midway between the two platez. The emitting
elecirodes are connected to negative polarity of high-voltage (20—100 V) DC source: The col-
lecting electrodes are connected to the positive polanity of the source and earthed.

When high voltage 1z applied. it generates a umidirectional non-uniform electric field having
greater magnitude at the discharge electrodes. Thiz rezults in a biue luminows glow, called a
around them  Thiz corona iz an indication of negatively charged 1oniized gas molecules that travel
from dizcharge electrodes to grounded collection electrodes. The dust particles thus get depozited
on the collector electrodes: and lose their charge. The remaining dust particles cling to the
electrode surface due to electrical resistivity. and are removed by rapping the elec: trodez using
rapping motors.

Working principle
The principal components of ESPs are two sets of electrodes az shown in Figure 3 44 The first

set comprises rows of electrically grovnded vertical paralle] plants_ called collection
136
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Fig. 242 A General Amrangement of an ESP

electrodes. The gas to be cleaned flows between these plates. The second set, called dis- charge
electrodes, consizt of wires. Theze are located centrally between each pair of parallel plates. The
wifes carry a unidirechonal negatively charged high-voltage (between 20 and 100 EV) corrent
from an external source. This generates a non uniform, naidirectional elec- tric field with greater
magnifude near the discharge electrodes. When the voltage iz high enongh. a blue luminons
glow, called corona. is produced around them. It 13 an indication of negatively charged gas ions.
These ions travel from the wires to the grounded collection electrodes due to the presence of
strong electric field between them

Electrical forces in the corona accelerate the free electrons present in the gas. which in tom
ionize the gaz molecoles, forming additional electrons and positive zas ions. The new
electrons in turn again ionize the gas ions and this chain reaction conhinues.
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Fig. 3.44 Working Principle of ESF, Chargmg and Collecting
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The ve ions migrate to the negatively charged wire electrodes. The electrons follow the electric
field towards the grounded electrodes. Their velocity decreazes as they move away from corona
region.

The ve ions migrating along electric field lines collide with the particulate matter in the gas
and charge them with negzative potential. The particles after acquiring sufficient charge move
towards the grovnded electrodes.

Migration velocity i3 given by

29510 pE/S)4

me

where p 2 function of particle dielectric constant

1.50 240
E applied voltage,
3 distance between charging and collecting

electrodes d particle diameter, m
5z Eas viscosity, kz/m 3

When the particles collect on the grounded plates. they loze their charge to ground. The
electri- cal resistivity canses only partial discharging. High resistivity results in holding of
charges and increases the forces holding the particles to the plates low resistivity results in
guick grounding of charges and hence re-eatraining of particles.

When dust builds up on the plates, it deposits in a laver of increased thickness. This results in
possible re-entry into the gas stream wvnless periodically removed. This iz done by rapping the
plates z0 a3 to canse shock vibrations that shalbre the dust into the hoppers at the bottom of the
precipitator. The discharging and rapping processs are shown i Figure 3.43

Fig 345 Wornng Pnnciple of ESP, Dizcharomg and Rappmz
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BOILER MOUNTINGS

Boiler mountings are the external fittings that are required to ensure safe operation of the boiler.
These are necessary 1o regulate the steam flow, w0 measure certain parameters of water and

steam, eic. The essential boiler mountings are as follows:

|, Water-level indicators {two numbers)

2, Pressure gauge

3. Steam stop valve or junction valve

4, Feed check valve

5. Blow-down valve or blow-off cock
~Water level 6, Fusible plug

7, Safery valves {two numbers)

The fumction of all these mountings are
described below.

The function of the water-level mdicator is
to indicate the bevel of water inside the boiler
Watar-Laval indicator drum ot any given instant. Two waler-level
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indicators {one serves as a standby) are fitted at the front of the
boiler dmm The boiler operator keeps track of water level m
the drom and operates the feed pump as per the requirement to
maintain a conztant level (about half) of water inside the drum
(Figore 3.32).

Pressure Gauge
The function of the pressure gange is to indicate the
steam pressure inside the boiler drum in bar or in kgfiem’

or in KN/m’ gauge pressure. If the boiler is fitted with 2

superheater, one more pressure gauge fitted to the soperheater Fram hailer
header indicates the superheated steam pressure at any given instant 4s the gange pressure iz
always above atmoszpheric preszure. itz value should be Fig. 533 Pressure Guage

added to the atmoszpheric pressure in order to know the
abszoluete prezsure (Figure 5.33)

Steam Stop Valve or Junction Valve
Steam stop valve or junchion valve are essentially
the zame Conventionally. stop valves are amaller in size, whereas junction valves
are larger. When

the valve i3 mounted on the topmost portion of
the steam drum, normally the valve 13 called june-
tion valve. If it is connected in the steam pipe to
regulate the flow of steam. the valve is known as

stop valve:
The fonction of the steam stop vabre or junc- tion valve is to shet off the steam
flow or to reg- ulate the steam flow as per the requirement or
demand (Figure 5.34). Stzam ont
under pressure to the boiler drum It i3 essentially Steamm
a one-way valve and allows water to flow only i
one direction, that is, towards the boier drum: No Fig 534 Steam Stop Valve




Feed Check Valve
Feed check valve regolates the flow of feed water

water flows back from the boiler drum. It consists of

two valves united together. One valve regulates

the flow of water to the boiler drum or stops it completely, whereas another valve antomatically

prevents (operates by pneumatic pressure) water rushing back from the botler (Figore 5.35).
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Blow-Down Valve or
Blow-Off-Cock

function of the blow-down valve or  blow-off cock
remove the sludge or zediments collected at the
of the beiler drom from time to time. Whenever
cleaning and inspection are due water inzide the
and in the boiler

drum can be completely drained by
Waterm
operating the blow-down valve. Periodic
blow-down i3 neceszary to limit or to control the dizsolved impurities in
the feed water (Figure 3.36).
Fig. 536 Blow-Down Valve
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Fusible Plug

The function of the fusible plug 1= to protect the firebox crown plate or fire tube from boming
duoe to excessive heahing. This usnally happens when the water level inside the drum becomes
too low and the shell and crown plate are directly exposed to steam space. The gun metal fusible
plug fitted to the crown plate melts if the shell of the crown plate 1= overheated and hence allows
remaining water inside the shell to fall in the furnace This extinguizhes the fire in the fiurnace,
and hence prevents further damages (Figore 5.37)

Hollow gun metal
plug

i’

_ Hexanonal
Tliashiges

= Haxanonal
Hamas

Crown
Fusible meatal

Gun meatal plug



Gun matal body

Fig 537 Fusible Plug

Safety Valves
The finction of the safety valve 15 to prevent the excessive steam pressure wnside the botler drum
exceeding the design pressure. When the pressure inside the boiler drum excesds the rated
pressure, the safety valve avtomatically opens and discharges the steam to the atmozphere till
normal werking pressure is retained. Thiz situation arises whenever furnace temperature
increazes causing excessive heat transfer or whenever steam demand suddenly drops.
Two types of safety valves are used it practice.

1. Spring-loaded safety valve
Theze valves are uzed in manne or locomotive boilers where there are chances of sudden jerc
of vibration (Figure 5 387

2. Dead weight zafety valve
Thesze valves are uzed only in stationary boilers such as Lancashire boiler or other low-capacity
boilers. In thiz device, the upward steam preszure 1 balanced by the downward force of the dead

weights acting on the valve.
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Fig. 538 Spong-Loaded Safety
Valve

Draug y A



Inarochsction 2o drmght systam Chimneys
Airand supphy systeme | nuturd mechar-seal Caleulatiaes invelving height of chisinevio
draught systens) produee # grven draughl

INTRODUCTION TO DRAUGHT SYSTEM

Boiler draught i3 the pressure difference required to maintain constant flow of air into the fir-
nace atd to discharge the flue gases to the atmosphere through a chimney. Thos, boiler draught
iz one of the most essential systems of a thermal plant.
The total dravght required to produce the current of air and to expel the flue gases 1z given
as follows: Total draught loss = Velocity head loss at the chimney exit + firel bed resistance
+ head loss in equipments such as economizer, air heater, etc. — head loss n the chimney
and ducts

ie.H=H,+Hy+ H.+ Hy

ATR AND SUPPLY SYSTEMS (NATURAL
MECHANICAL DRAUGHT SYSTEMS)

Boiler draught 13 generated by psing chimney, fan steam jet o air jet, or a combination of both
Based on this, dravght is classified as follows:

Botler Drmoght

i
v v
MNatural drvught Artineial draught
{e.g. Chimney draugkit) [e.g. l-'unldr:tughl:-
f ' ]
Forced draughi Induced draugzhe

v
Balanced draught
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1. Natoral dranght

Natural draught iz prodoced by making use of a chimney. A chimney i3 a vertical tubular
structore that iz made up of brick, steel or reinforced concrete. The draught produced by the
chimney iz due to the difference in temperature of hot flue gases inside the chimney and the
atmospheric air. In addi- ‘tion, the height of the chimney above the furnace grate. weather
conditions and boiler-operating conditions also have considerable effect on the amount of natural
dranght (Figure 7.1).
7 Chimney

|'I \ Grate lavel

Fig: 7.1 Naiurzl Draught

2. Arnificial or mechanical draught

This type of draught iz preferred when the draught produced by the chimney iz not sufficient or
when a certain dranght iz to be maintained irrespective of atmospheric temperature. In modern
high-pressure boilers, the nze of economizers superheaters and air preheaters reduces the exit
flue gas temperatore considerably. However, this would necessitate an increased chimney
height — the cost of which cannot be justified. By vsing artificial or mechanical draught the
height of the chimney can be considerably reduced. Mechanteal dranght 1s of two types: forced
and induced.

(1) Forced draught

In the forced draught (FD) system (Figure 7.2), a blower is installed near the baze of the boiler
that blows air into the furnace. The pressure of air throughout its path is above atmospheric
pressure. This system also uses a chimmney to discharge hot flue gases mnto the atmosphere.

Builer

To atnosphery

b T |
[T |

| — | |
@J—k_ Grate
= J
T

D fan Chimmey heater

Ecenomizer Al

Fiz. 7.2 Forced Draught
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(11} Induced dranght

In the induced dranght (ID) system the blower 1= installed near the baze of the chimney =0 as
to facilitate sucking of flue gases from the furnace. Thusz, pressure inside the fornace is reduced
below atmospheric pressure, inducing outside air into the furnace The heat in exhanst pases



can be recovered az much as possible by installing an air preheater and economizer along the
gaz flow path. As the draught produced mn thiz system 13 independent of flue paz temperature,
care should be taken such that the fan handles gas at its lowest poszible temperature. The total
dranght produced by the system iz equal to the sum of the fan and chimney dranghts.

However, when the furnace doors are opened for firing purpose, the air from outside rozhes into
the furnace and reduce the dramght

(111} Balanced draught
A balanced dravght system (Figure 7.3) combines the featores of FD and ID. In the caze of FD,
when the fornace doors are opened, hich-pressure air rushes outside and even blows out the fire
entirely. In the caze of ID. when the furnace doors are opened, atmospheric air enters the
furnace and causes an imbalance in the draught This difficulty 13 overcome by using balanced
draught

In thizs zystem, an FD fan mstalled near the boiler helps in overcoming the rezistance of fuel
bed by supplying sufficient air for combustion. An ID fan mnstalled near the chimney base
removes the flue gazes that come from the furnace, allowing the fumace pressure to be main-
tained slightly below atmospheric pressure.

To atmosphere
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Fig. 73 Balanced Dranght

3. Steam jet dranght
Depending on the location of steam jet, dravght produced may be either induced or forced.

(i) Induced draught

This type of dranght iz nzed in 2 boiler for a locomotive: When the locomotive is stationary,
steam generated in the boiler iz fed to the smoke box through the nozzles to create draught
When the locomotive toves, air enters through the dampers and makes 1tz way through the
grate and smoke box: In addition, exhaust steam from the engine cylinder 12 ptilized to create
the ID) by passing it through the steam nozzle in the smeke box (Figure 7.4).

Drranght System 235
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Fig. 74 Induced Steam Jet Draught

(it} Forced draught

This type of dranght iz alzo known a3 torbine dranght (Figure 7.5). In this case. steam from the
boiler is throttled to a pressure of 1.5—2 bar and pazssed through a series of nozzles fitted to a
diffuzer pipe. The high-velocity steam that comes oot from the nozrle drags the air column
along with it thereby creating a suction Fresh air from outside enters the diffinser pipe. The
kinetic energy of air and steam mixtore is converted into pressure energy forcing air throngh
the coal bed to the furnace. However, steam jet dranght iz used only as a booster in conjuaction
with chimney draught

Fig. 7.5 Forced Steam Draught or Turbine Draught

7.3 CHIMNEYS

A chimney is a streture used for venting hot flue pases or amoke from a steam penerator or
boiler to the outside atmosphere. The working of chimney iz bazed on natural dranght or stack
effect Due to lower density, the hot air rises to the top naturally through the chimney. The taller
the chimney, the more dranght it will produce at a given temperature difference. The height of
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Comparizon of Forced and Induced Dranghts
The advantages of the forced draught over the indneed dranght are listed below:

1. The size and power requared by the induced dranght fan 1= more than the forced draught becanse the
induced dranght fan handles mere gases (air and fuel) and at elevated temperature: The volume of the zas
handled by induced dranght far iz much larger than the voleme handled by forced dranght fan due to high
temperatnre of the gazes, therefore the size of induced dranght fan 1313 times the size of forced dranght
fan

2. Water cooled beanings are required for induced dranght fan to withstand the high temperatures of
the fiue zazes.

3. There s no chance of air leakage in the furnace with forced dranght as the pressure inside the fomace
15 above atmosphenc pressure. There is continuous leakase of air in the fomace with induced dransht as the
pressure inside the fumace is less than the atmospheric pressure. This dilutes the combostion.

4. The flow of air through the grate and furnace 1z more vniform and it penetrates better into the fire
bed when forced draught iz vsed. The better penetration of air through the fuel bed and vniform flow
improves the rate of burming

3. When the doors are opened for firing in case of induced draught fan there will be rush of cold air

it the furnace and this reduces the draught through the system and reduces the heat transmizzion efficiency
of the surface.

BSupe - e csetmal nower plant i to remove the last traces of motsture (1 to 2%)
n he- o L LR “= temperature sufficiently above ' ion
118 i ng raizes-overall cycle efficiency a3 wew = tng muoch cor satton in
[ ez of . helow 12%) which avoids the blade efosion lne we - sustion gases
ar T removal of moisture from steam and to superheat the  am. Soperheaters

Lo f emw 0 its in parallel with one or more retun bends, connes . between headers.
@ = the vapour in the superheater i transferred at b endperaiures. Therefore,
prr gg . Faw er 15 arranged m counterflow and secondary =+ oo in parallel flow to reduce
the mp atoresne o .fthe tube wall. The metal uzed for superhe  .oes must have high temperatnre

strogth, “hoorer aeth and high resistance to oxidation az s _eater tobes get rougher service than
wa walls. windern boiters. Carbon steels
(310 corgmm-molybdenum alloys (630°C) arecr only uzed for superheater tubes.
Consziderable ingenuity is necessary to provide super’  .ers formodern steam power plants. The problem
of superheater desipn and location iz complicated ' . requirements of increased gas temperatures to
provide higher steam temperature. In modem b .5, the temperature of combustion 15 approaching the
fusing temperatore of ash in the coal and ther e there 13 a tendency of the to collect m fluid form on the
superheater tubes (slagging)
The problem of slapging the superheater is partly eliminated by following methods:
Locate the superheater close to the femace in order to develop the required steam temperature.
A bank of screen tubes is located in front of the superheater to limit slag accummnlation
Linuting the constant temperature range to 60 to §3% of load rating of the steam generator.
With the uze of combined convection-radiation superheater.

BT e
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3.43. Steam Turbines

Steam turbine is a heat engine which uses the heat energy
stored in steam and performs work. The main parts of a steam
turbine are as follows : ,

(1]

i) A rolor on the circumference of which a series of blades or
buckets arc attached. To a great oxtent the performance of the
turbine depends upon the design a:nd construction of blades. The
blades should be so designed that they are able to withstand the
action of steam and the centrifugal .oree 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 allovs are the
materials geneeally used.

(¢6) Bearing to support the shaft.

tiet) Metallic ms.ing which surrounds blades, nozzles, rotor ete.
(tv’) Governor to control the speed.

iv) Lubricating oil system.

Steam from nozzles is directed against blades thus causing the
rotation. The steam attains high velocity during its expansion in
nnzzles and this velocity energy of the steam is converted into
mechanical energy by the turbine. As a thermal prime mover, the
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thermal efficiency of turbine is the usual work encrgy appearing as
shaft power presented as a percentage of the heat encrgy available,
High pressure steam is sent in through the throttle valve of the
turbine. From it comes torque energy at the shaft, exhaust steam,
extracled steam, mechanical friction hnd radiation.

Depending upon the methods of using steam, arrangement and
construction of blades, nozzle and steam passages, the steam tur-
bines can be classified as follows -
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As the pressure falls. the specific volume increases and hence in practice, the height of blades is
increased in steps Le. say upto 4 stages if remains constant, then it increases and remains constant for
the next two stages.

In this tvpe of turbine, the steam velocities are comparatively moderate and its mazimum value
is about equal to blade velocity. In general practice, to reduce the number of stages, the steam velocity
15 arranged greater than the blade velocity. In this case the leaving loss is about 1 So 2 per cent of the
total mitial available energy. This type of turbine is nsed moestly in all power plants where 1t is great
success. An example of this type of turbine is the Parsons-Reaction Turbine. The power plants 30 MW
and above are all impulse-reaction type.

1§ :
S ADVANTAGES OF STEAM TURBINE OVER STEAM ENGINE

The various advantages of steam turbine are as follows :
(L} It requires less space.

(i) Abszence of varous links such as piston, piston rod, cross head etc. make the
mechamsm simple. It 15 guiet and smooth in operation, (1if) Tts over-load capacity 1= large.

(iv} It can be designed for much greater capacities as compared to steam engine.
Steam turbines can be built in sizes ranging from a few horse power to over 200,000 horse power
msingle units.

{v) The internal lubrication is not required in steam turbine. This reduces to the

cost of lubrication.

(vt} In steam turbine the steam consumption does not increase with increase in years
of service.

(vii) In steam turbine power 1s generated at umform rate, therefore, fiywheel 1s not
neaded.

(viiiy  Tt'can be designed for much higher speed and greater range of speed.
(ix} The thermodynamic efficiency of steam turbine is higher.

6.10. STEAM TURBINE CAPACITY

The capacities of small turbines and coupled generators vary from 00 to 7300 KW whereas large
turbo alternators have capacity varving from 10 to 90 mW. Very large size units have capacities up to
500 mW.

Generating units of 200 mW capacity are becoming guite commeon. The steam consumption by

steam turbines depends upon steam pressure, and temperature at the inlet, exhaust pressure number of
bleeding stages etc. The steam consumption of large steam turbines iz about 3.5 to 5 kg per KWh.

Turbine kKW = Generator KW / Generator efficiency

Generators of larger size should be used because of the following reasons:
(1) Higher effictency:

(i) Lower cost per undt capacity.

(11t) Lower space requirement per unit capactiy. 3.45.1 Nominal rating.

It is the declared power capacity of turbine expected to be maximum load.
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Compounding of Steam Turbines

If the steam pressure drops from boiler pressure to condenser pressure in a single stage, exit velocity of
steam from the nozzle will become very high and the turbine speed will be of the
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order of 30,000 rpm or more. As torbine speed iz proportional to steam veloctty, the carryover
lozs or leaving lozz will be more (10-12 per cent). Due to thiz very high speed, centrifugal
stresses are developed on the turbine blades resulting in blade failure. To overcome all these
difficulties, it iz necessary to reduce the torbine speed by the method of compounding.

Compounding is the method of redocing blade speed for a given overail pressure drop.
Compounding of zteam turbines iz done by the following methods.

Pressure Compounded Impulze Torbines

If a pumber of simple 1mpulse stages are clubbed together, then the arrangement 13 known as
pressure compounding. The arrangement containz one row of fixed blades or nozzles at the
entry of each row of moving blades. The total pressure drop does not take place in the first row
of nozzles, but is divided equally between all the nozzles az shown in Frgure 104,
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Fig. 104 A Smmple Prezsure Compounded Impulse Turbine

The steam from the boiler 1= passed throngh the first set of fixed nozzles (blades) in which i 13
partially expanded. The steam then passes over the first row of moving blades where almost all
its veloeity is absorbed. This complete expansion of steam iz one stage. In the next stage, the
steam again enters the second set of fixed nozzles and partially expands and enters the moving
blades. Again the steam velocity is absorbed. This process continues till the steam reaches the
condenzer pressure, pr.

Due to pressure compounding, a smaller transformation of heat energy into kinetic energy
takes place. Hence, steam velocities become much lower and reduce the blade velocities and
rotational speed.



Velocity Compounded Impulse Turbines

Steam Turbmes

A zimple velocity compounded impulse torbine is shown in Figore 10.5. It consists of a set of
niozzles and a rotating wheel fitted with two or more rows of moving blades. One row of fixed
blades between the moving blades directs steam from the nozzle over the moving blades.

The steam from the boiler expands in the nozzle and enters the first row of the moving blades.
A portion of kinetic energy 1= abzorbed by the blades before pazsing over the fixed blades or
guide blades. Velocity slightly drops in guide blades before steam iz sent to the second row of
the moving blades. Steam does work on the zecond row of the moving blades losing its kinetic
energy and leaves axially with residual velocity Vi Due to thizs, the rotor speed decreases

conziderably.
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Fig. 10.5 A Smple Velocity Compounded Impulse

Turbine

Advantages and dizadvantages of velocity compounding
Advantages

(1) Dwme to large enthalpy drop, the pressure drop in the nozzle’s first stage is also large. This

reduces stress in the turbine housing.

(it} Velocity compounding principle leads to a relatively large number of enthalpy drop per
stage. Hence, fewer number of stages are reqoired, which leads to low initial cost

{(iti) With a2 single row, steam temperatore used iz about 300°C, which iz high enough for
ordinary cast iron to withstand. By vsing two rows, the steam temperature iz also low-
ered and ordinary Cl'can be used, provided steam chest iz constructed uzing stainlezz steel.

{iv) Due to fewer number of stages, space required is less.
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Dizadvantages

(i) Specific volume of steam continuopsly increases with more number of stages;
imposzing limitations to biade dezign.

{ii) Friction lozses become higher due to high-velocity steatn at the blade cutlet

(iif) As enthalpy drop per stape iz large, efficiency ratic decreazes with increased
anmber of rows as shown in Figure 10.6.
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Fig. 10.6 Vanation of Stage Efficiency with Speed Batio

{iv) As the work done per kilogram of steam decreazes progressively with the pumber
of stages, space, material cost and initial cost add vp.

Pressure—Velocity Compounding

If pressure and velocity are both compounded using two or more number of stages by having a
zeries arrangement of smople velocity compounded turbines on the same shaft it 1= known as
pressure—velocity compounding. In this type of turbine. both pressure com- pounding and
velocity compounding methods are used. The total prezsure drop of the steam iz divided mto
twio stagez. and the velocity obtained in each stage iz also com- pounded. Pressure drop occurs
only in nozzles and rematns constant throughout. Az pres- sure drop is large in each stage, only
a few stages are necessary. This makes the furbine more compact than the other two types.
Pressure—velocity compounding (Figure 10.7) 15 used in Curtis turbine.
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Fig. 10.7 Pressure—Velocity Compounding

Impulse Turbine Power and Related Calculations
Single-Stage Impuise Turbine

The esszential parts of an impulse steam turbine are nozzles and blades. Steam expands in the

nozzles producing high-velocity jet at the nozzle exit: Blades change the direction and hence

momentum of the jet of steam The force produced due to change in momentum propels the

bladez. Hence, it iz of primary interest to estimate the propelling force that 1z applied at the tor-

bine rotor. Az force i3 due to change in momen- tum caused by change in direction of steam,

the variation of steam velocity can be ztudied by v

drawing the velocity triangles. Impulze foree acting k-__g_u"l ]

on the blades can be calenlated in the plane of “‘-fll “K'__E"V I’

rotation of blades tangential to the turbine mnner. vy : ch
Figure 108 shows the velocity diagram for an

impulze torbine. Due to the expansion of steam in ‘i

nozzles, steam comes out with an absolute veloesty B4

V1at an angle oy with the plane of moving blades. If o

the blade velocity iz represented by v, then the ;

relative velocity of steam with respect to the casing

15 V. As steam flows over the blades, the relative

veloc-

ity remains constant for an impulse turbine. Fig 103

Velocity Diagram for an Impulse Turbine
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10.7 GOVERNING OF TURBINES

A governor 15 a device used to mamtain constant speed of the turbine irrespective of the load
applied to it. Figure 10,17 shows a centrifugal flyball-type governor. When the load on the
turbine iz deduced, speed of the turbine increases. This results in an increased centrifugal force,
throwing the flyballs apart. away from the shafi centreline. Due to this, the sleeve raises, causing
the main valve to close, via the fulcrum and the lever attached to the sleeve. This reduces steam
flow rate to the torbine:

In an ocil-operated servo system (zee Figure 10.17), the force exerted by the governior iz
amplified to move a frictionless pilot valve, controlling the flow of oil into a pizston. This piston
319
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operates with the high-pressure oil supplied to the povernor valve in the desired posttion
thereby regulating the flow. The speed change of the sovemor from full-load condition to
noload condition varies between 3 and 4 per cent. The percentage change in regulated speed 13
given by the following equation:

|
|

% change in regulated speed | |

where N = speed at rated speed
No= speed at no-lead condition
Nr= Speed at full-load condition

Four different methods are available for poverning a steam turbine. They are throttle governing,
nozzle control governing, bypass governing and emergency governing. These are discussed
below in detail

1. Throttle governing

Power available at the shaft P is given by P = 2[INT, where T is the torque and N is'the shaft
speed in revolotions per second. From the above equation it 1= evident that as load decreazes,
the shaft speed increases. As the main vabve 1z closed partially fo maintain the speed. power
generated by the turbine decreases. Due to this restricted entry of the steam steam is throttled
from the mitial prezsore of ppto pul. Due to this, the enthalpy drop redoces from (h)— by to (h:
— h¢'). The steam consumption reduce: further when the throttle valve iz closed forther
establishing a linear relationship. Using Willan's line method, steam conspmption rate in the
turbine 13 given by the following equation:
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where a = steam consumption vader no-load conditions, kgiz b
= gpecific steam consuvmption, ks EW
L =lcad on the turbine
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Fig 10.18 Throtile Governor

The throttle valve iz used to regulate steam flow during the start and stop of the turbine In big-
ger turbines, the stop valve 15 hydraulically operated. whereas in smaller turbines, it could be
manually operated. Figure 10.18 shows a throttle governing system.

2. Nozzle control governing

The major limitation of throttle governing is that the turbine efficiency reduces at low loads.
Nozzle control governing is a better option in this case. As shown in Figure 10.19, the nozzles
are arranged in sets, each set being controlled by a separate valve. When load on the turbine i3
decreased, the correzponding set of nozzles may be shut off.
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Fig. 1012 Nozzle Control Goveming

3. Bypass governing

Where the requirement i3 more for power, additional steam iz zupplied to the turbine by
providing bypass valves. This 13 usually done at the later stages of the turbine, and in a throttle-
governed turbine as shown in Figure 1020,
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Fig. 10.20 Bypass Governing

4. Emergency governor

An emergency governor helps in tripping (sfopping the turbine) when the furbine overspeeds
{110 per cent of its rated speed) or the lubrication system fails or when balancing of the system
1z improper or condenser vacoum i3 disturbed (less). A typical emergency trip system contains
a pin or weight placed on the turbine shaft acting against a spring pressure. During normal
operation, the centrifugal force acting on the pin is opposed by the spring pressure. Beyond the
overspeed point the ceatrifugal force become: dominant forcing the pin out and thereby
striking a trigger. Due to this action, the spring closes the stop valve, shutting down the turbine.
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THERMAL POWER PLANTS
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1.6.3 Condensers

1. Introduction
A'steam condenser 1= a closed vessel into which the steam iz exhansted. and condensed after doing worlk
an engine cvlinder or turbine A steam condenser has the following two objects: The steam condensing plant
iz zhown in Figure 1,18

L The primary object i=s to maintain a low pressure {below atmospheric pressure) 5o as to obtain
the maximum possible energy from steam and thos to secure a high efficiency.

2 The secondary object 13 to supply pure feedwater to the hot well, fom where it 1= pumped
back to the boiler.

Mota: The low pressure iz accompamed by low temperature and thus all condensers mamiam 2 vacuwm under
normal condihons. The condensed steam 15 called condensate. The temperature of condensate 13 higher on leaving the
condenzer than that of circolating water 2t inlet It 1= thus obvious, that the condansate vall have a considerable higmid

heat.
2. Claszification
The steam condensers may be broadly classified in to the following two types, depending vpon the way in
which the steam 1z condensed;
A Jet condensers or muxing type condensers, and
B. Surface condenzers or non-nuxing type condensers.
POWER PLANT ENGINEERRIG
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Fig 1.18. Steasm Condensing plant

A Jet Condensers

These dayz, the jet condensers are seldom used becanse there is some loss of condensate during the process
of condenzation and high power requirements for the pumps nzed. Moreover, the condensate cannot be nsed
as feedwater to the boiler as it iz -not free from zalt However, jet condensers may be used at places where
water of pood quality iz easiby available in sufficient quantity.

Types of Jet Condenzers

The jet condensers may be further classified, on the basis of the direction of flow of the condensate and the
amangement of the twhing system. in to the followine four types:

Parallel flow jet condenser,

Counter flow or low level jet condenser.

. Barometric orhigh level jet condenser and

. Ejector condenser.

These condensers are discussed, in detail, in the following pages.

Bl b e

Parallel Flow Jet Condensers
In parallel flow jet condensers. both the steam and water enter at the top, and the mirture iz removed from
the bottom.

The prnciple of thi= condenser is shown in Fignre 1,10 The exhanst steam i3 condensed when it mies
up with water. The condensate, cooling water and air flow downwards and are removed by two separate
pumps known a3 air pomp and condensate pump. Sometimes, 2 zinple pump Prown s wet aic pump, is
alzo used to remove both air and condensate. But the former pives a preater vacuum The condensate pump
delivers the condensate to the hot well, from where surplus water flows to the cooling water tank through an
overflow pipe.
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Counter Flow or Low Level Jet Condensers

35

In counter flow or low level jet condensers, the exhanst steam enters at the bottom flows npwards and mests
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The vacuum is created by the air pump,. placed at the top of the condenser shell This draws the supply of
cooling water, which falls in a large number of jets, throngh perforated conical plate as shown in Figure 1.20.
The falling water iz canght in the trays, from which it escapes in a second series of jetz and meets the exhanst
steam entering at the bottom. The rapid condensation occurs, and the condensate and cooling water descends
through a vertical pipe to the condensate pump, which delivers it to the hot well,

Barometric or High Level Jet Condensers

These condensers are provided at a lugh level with a long vertical discharge pipe as shown mn Figore 1,21
In high level jet condensers, exhanst steam enters at the bottom, flows wpwards and meets the down coming
coolng water in the same way as that of low level jet condenszer. The vacuum 15 created by the atr pump,
placed at the top of the condenser shell. The condensate and cooling water dezcends through a vertical pipe
to the hot well without the aid of any pump. The suwrplos water from the hot well flows to the cooling water
tank through an overflow pipe.
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e

Fig, 1.21, High Level et Condensers

Ejector Condensers

In ejector condensers, the steam and water mix up while paszing through a series of metal cones. Water enters
at the top through a number of guide cones. The exhanst steam enters the condenser throogh non-retom valve
amangement. The steam and air then passes throogh the hollow troncated cones. After that it is dragged into
the diverging cones where its kinetic energy is partly transformed to pressure energy. The condensate and
cooling water i= then discharged to the hot well as shown in Figure 1.22.
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B. Surface Condensers

A surface condenser has a great advantage over the jet condensers. as the condensate does not mix up with
the cooling water. As a result of thiz whole condenzate can be reused in the boifer. This type of condenzer
iz ezzential in ships which can carry onby a limited quantity of fresh water for the boilers. Tt is also widely
used in land installations, where inferior water i3 available or the better quality of water for feed is to be used
economically.
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Fiz 123 Burface Condanser

Figure 1.23 shows a longitedinal section of & two pass surface condenser. It consists of a honizontal cast
iron cylindrical vessel packed with tubes, through which the cooling water flows. The ends of the condenser
are cut-off by veriical perforated type plates into which water tubes are fixed. This 1z done in such a manner
that the leakapge of water into the centre condensing space iz prevented.

The water tubes pass horzontally through the main condensing space for the steam. The steam enters at
the top and iz forced to flow dowmwards over the tubes due to the suction of the extraction pump at the
bottom The cooling water flows in-one direction through the lower half of the tubes and retizms in opposite
direction through the upper half, as shown in Figure 1.23.

POWER PLANT ENGINEEFING
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Types of Surface Condensers
The surface condensers may be further classified on the baziz of the direction of flow of the condensate, the
amangement of tubing system and the posstion of the extraction pomp, into the following four types:
1. Dowm flow surface condenser,
2. Central flow surface condenser, 3.
Feagenerative surface condenser and
4. Evaporative Condenser,
These condensers are discussed, in detail, in the following pages.

Down Flow Surface Condensers
In down flow surface condensers, the exhanst steam enters at the Exhpust StEam
top and flow downwards over the tubes due to force of gravity as
well as suction of the extraction pump fitted at the bottom. The | |
condensate 13 collected at the bottom and then pumped by the <

-
——
E

extraction pump. The dry atr pump soction pipe, which iz . I'I
provided near the bottom, is covered by a baffle so as to prevent | <\ f'.:::,'! — Bl
the entry of condensed steam into it as shown m Figure 1.24. f b

|

As the steam flows perpendicular to the direction of flow of 4:“:‘.? ?:' ' "T 4 To sir
cooling water {instde the tubes). thiz 4z alzo called a cross surface B ey
condenser.
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Central Flow Surface Condensers Fie. 1.24. Downflow
Surface Condenser

In central flow surface condensers. the exhanst steans enters at the top and flow downwards. The suction pipe
of the air extraction pump is placed in the centre of the tube nest as shown m Figure 1.25. This canses the
steam to flow radially wards over the tubes towards the suction pipe. The condensate iz collected at the
bottor and then pumped by the extraction pump. The central flow surface condenser is an mmprovement
over the down flow type as the steam i3 directed radially inwards by a volute casing around the tube nest. Tt
thus, gives an access to the whole periphery of the tubes.
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Fig 1.25. Central Flow Sorface Condenszers

Regenerative Surface Condensers

In tegenerative surface condenzer, the condensate iz heated by a regenerative method. The condensate after
leaving the tubes is passes throngh the exhaust steam from the engine or turbine. It thus, raizes itz temperature
for uze as feed water for the boiler.

Evaporative Condenser
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The steam to be condenszed enters at the top of a series of pipes outside of which a film of cold water is
falling. At the same time, a cuarent of air circulates over the water film causing rapid evapeoration of some
of the cooling water. A3 a resnft of this. the steam circolating inside the pipe 1= condensed. The remaining
cooling water is collected at an increazed temperature and is rensed. Its orizinal tempersture is restored by
the additton of the requizite quantity of cold water:
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Fig -1 26 Evaporative Condenser
The evaporative condensers are provided when the circulating water is to be nsed again and again These

condensers consist of sheets of gilled piping. which iz bent baclowards and forward and placed in a vertical
plane, a3 shown in Fioure 1 76,

3. Comparizon of Jet and Surface Condenszers
Following are the important points of comparizon between jet and surface condensers:

3. Mo Jat condensars Surface condansars
1. Coolms water and steam are mmed up. Coolms water and steam are not mixed op.
3 Lass smitable for high capactty plants. More suitable for high capacity plants.
3 It requires les= guantity of cirenlating water.| If requires a larges guantity of circalatng water.
Condensate 15 wasted.
4 The condensing plant 15 sconomiczl and smmple Condenszie 1z reused. The condensing plant 15 costly:
and complicatad:
3. Itz mamtenance cost s low. It= mambenance cost s hish
&, Moze power 18 requured for air pump, Less power 35 reguired for amr pump:
8 High power is raquired for water puomping. Less power = required for water pumpans.
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Fig 111 Expatsaon of Steam in Tirbese

Function of a Condenser

The primary function of the condenser iz to condense the exhaust steam from the turbine. In
doing so. high-quality feedwater can be reuszed in the cyele. In addition to this. a much more
usefol function is performed by the condenser. The steam exhansted in the turbine iz condenszed
in the condenser at a low pressure (vacuum) by circulating cocling water: This pressure 13 equal
to the saturation pressure corresponding to the condensing pressure of steam. and it 1z a funection
of cooling water temperature. Thus, the lower the exhanst pressure, the greater the turbine work.
By lowering the turbine back pressure, the condenzer increases the turbine work, increases the
plant efficiency and reduces steam flow for a given plant ontput.

Elements of a Condensing Plant

Figure 11.2 shows a schematic diagram of a modem condensing plant. Elements of such a plant
are condenser, condensate extraction pump, condenser cooling water recirculation pump,
makeup water pump, air ejector pump, boiler feed pump and cocling tower.
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Fig. 112 Stesm Condensing Plant
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_ Condenser

The primary function of the condenser i= to condense steam that comes out of the mrbine_ It is
a shell and tube heat exchanger in which heat exchange takes place between cold circulating
water and hot steam_ As the requirement of cooling water 1z extremely large, a steam condensing
plant should be installed near a water source.

2. Condensate extraction pump

The fonction of the condenszate extraction pump is to extract the condensate (at vacunm) from
the condenser and feed it to the hot well

3. Cooling water re-circalating pump
The function of the condensate cooling water re-circulating pump is to supply cooling water
coming from the cooling tower back to the condenser.

4. Makeup water pump

The function of the makeup water pump 13 to supply makenp water to the condenser. Makeup
water iz necessary to account for water loss due to leakage and evaporation.

5. Air ejector pump
The function of the air ejector pumyp is to eject air that has leaked into the condenser through
the zealings. Thus, it maintaing constant vacunm in the condenzer

6. Boiler feed pump

The fonction of the boiler feed pump it to supply high-pressure feedwater to the boiler drum. It
iz a'multi-ztage centrifingal pump that operates above boiler pressure.

7. Ceooling tower

Cooling tower 1z neceszary whenever the source of water near the steam plant 1= not large: It is
a hyperbolic structure in which condensate water coming from the condenser iz cooled either
naturally orartificially. In a cocling tower, hot condensate iz cooled by evaporating water itzelf.
Due to this, zome portton of cooling water 13 lost to the atmosphere. Thiz loss iz compensated
by using makenp water.



clean eooling water iz available. Howeser. the drawback of using theze condensers is that pure
condensate iz lost to the mixing water that canaot be re-cirenlated.
Steam Condenser and Circulating Water Systems
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COOLING TOWER

In larpe power plants, cooling towers are used in place of cocling ponds. A cooling tower iz a
wooden or metallic rectangular structure, with packed baffling devices. The hot water 15 deliv-
ered to the top of tower and falls down through the tower and iz broken into small particles



while passing over the baffling devices. Air enters the towers at the bottom and flows upwards
and cools the water. The hot air leaves the tower at the top. The cooled water fallz down into a
tank below the tower from where it can again be circulated to the condenszer.
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Types
In modern power plants, condensate water 13 cooled by using a cocling tower. Cooling towers
are basically classified as wet cooling tower and dry cooling tower. Further, they may either
be forced draught (mechanical draft) or natural draft cooling towers depending on the mode of
cooling.

Wet Cooling Towers
In wet cooling towers, water and air come in direct contact. Heat in water is dizsipated by (1)
the addition of senzible heat to air, (ii) evaporation of a portion of re-circulated water and (1u1)
addition of sensible heat to the water due to terminal temperature difference.

Figure 11.10 shows a wet cooling tower with natural draft Hot water from the plant enters
the distributor system where water iz spraved over horizontally set fill or packing Air and
water are thoroughly mixed by fill as water splashes down from cne fill level to the next due
to grav- ity. Cotside air enters the tower through louvers from the sides of the tower. The heat
and mass transfer (evaporation) between water and air is enhanced due to intimate mixing.
Water gets cooled and is collected in a concrete basin at the bottom of the tower. Hot but moist
air leaves the tower from the top. The cold water is re-circulated vsing a pump.
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Fig 1110 Nafural Draft Counter-Flow Cooling
Tower
Dy Cooling Towers
In dry cooling tower, circulating water i3 passed through finned tubes over which cooling air
iz pazzed. Heat is rejected to the air in the form of sensible heat A dry cooling tower may either
be natral draft type or forced draft type. These types are cheaper than wet types of cooling
towers. Figure 1111 shows a direct, dry cooling tower.
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Fig. 11.11 Durect Dry Cooling Tower

Exhaust steam from turbine i3 admitted to a steam header (to minimize pressure drop). Steam
gets condensed as 1t passes down through finned tubes arranged in parallel rows. Heat transfer
15 effected either by natural circulation of air or by forced circulation of air using a forced draft
fan The condensate collected in the recetver is re-cirenlated.

Principle of Operation and Performance
According to the nature of air dranght, the cooling towers are classified as follows:

(1) Atmozpheric cooling tower
(11) Natural draught cooling tower
(111} Mecharical dranght cooling tower
Bazed on the type of draught mechanical dranght cooling tower can be further classified az
follows:
{2) Induced dranght cocling tower
(b) Forced draught cooling tower
{c) Combined induced and forced dranght cooling towers (hybnid cocling tower)

The working principle of all the above types of cooling towers iz described below.

(1) Atmasphenc cooling tower

Figure 11.12 shows an atmospheric cooling tower. The hot water is delivered at the topmost
tray, and it falls down from one tray to another until it reaches the tank below the tower. The
water 15 cooled by air flowing across the tower. To increase the rate of cooling, water 15 sprayed
through nozzles from the top. The oomber of decks of trays depends on the load of the plant
This type of cocling tower 15 used only for small capacity povwer plants.
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Fig. 11.12 Atmosphenc Cooling Tower

(i} WNatoral draught cooling towers

Watoral draft towers are typically about 120 m high, depending on the differential prezzure
between the cold outside air and the hot humid air on the inzide of the tower as the driving
force. These tower: do not pse fans for dranght generation Depending on climatic and
operating requirement conditions, selection on whether the natural or mechanical draft towers

iz done. Figure 11.13 shows a natural dranght cooling tower.

— A oul
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In natural dranght cooling towers, the flow of air ocenrs die the natoral pressure head caused
by density difference between the cold outstde asr and hot humid air inside.

In this tower, wooden hurdles and distributing trays are provided for spreading the water
and for breaking it into small particles. The hot water from the condenser 1= pumped to 2 height
of 915 m and enters the tower and then gets distributed over the wood werk and trays. The
hot water then falls down, and the steam vapours that are lighter than air will rize npwards.
This will create natural dranght and air will enter from the bottom of the tower that i3 open to
atmosphere. The rising air meets the falling spray of hot water and cools it. The hot air along
with some vapour will leave the tower at the top and cold water will fall down into the pond
below the tower and get circulated through the condenser again Water eliminator prevents the
escape of water particles by the air leaving the tower. The dizadvantage of natural draught
cooling tower iz that to produce large draught. the tower should by very high

Hyperbolic Natural Draft Cooling Tower

Hyperbolic natural draft cooling towers work best when the difference between cold water and
WEBT of air (T | Tyy) £s equal to or is greater than the difference between hot water and cold
water temperatore, that is. when approach iz egual to or greater than the cooling range.
Therefore, they are preferred when operating conditions have low WBT and high relative
bomidity. Fignre 1114 shows a typical byperbolic cooling tower.
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Fig.

Although initial cost may be higher, the saving in fan power. longer life and less mantenance
are favourable features of this tower.

Advantages

The advantages of hyperbolic tower over mechanical towers are listed below:

(1) The hyperbolic towers have a cocling capacity comparable with that of induced draft
cooling towers, and they alzo require considerably less ground area

(1i) Since no fans are needed, power cost and auxiliary equipments are eliminated; therefore,
operating and maintenance costs at consequently reduced. It gives more or less trouble-
free operatiocn.

(111} Hyperbolic tower’s chimney shape creates its own draft and ensures efficient operation
even when there iz no wind.

(1v) Grouvnd foggmng and warm air recirculation that are often the most common problems
faced with mechanical draft installations are also aveoided m hyperbolic towers.

(v) The towers may be ashich as 125 m and 100 m in diameter at the base with the capabil-
ity of withstanding winds of well over 100 mph These are more or less self-zupported
structures.

(vi) The enlarged top of the tower allows water to fall out of suspension.
Dirawhbacks

The major drawhacks of this tower are listed below:

(1) Itz costis considerably high

(1) Its performance varies with the seasonal changes: in DBT and BH of air.

The hyperbolic towers are almost often zelected over the mechanical draft towers under the
following operating conditions:
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{2) A combination of low WBT and high inlet and outlet water temperature exizts,
that #s. broad cooling range and long cooling approach:

(b} Heat load is heavy during winter.
{e) Itisalzomore favourable over mechanical draft as central station size thereases.

(111} Mechanical draught cooling tower

[n these towers, the dranght of air is produced mechanically by means of propeller fans. They
give higher efficiency. reduce spray and windage losses and require less ground area.
Mechanical draft towers vse fans (one or more) to move large quantities of air through the
tower. The air flow in these towers may be either cross flow or covater flow with respect to the
falling water. In cross flow towers, airflow is horizontal in the filled portion of the tower;
whereas in counter flow, the air flow iz in the opposite direction of the falling water.

The counter-flow tower requires less floor area than a cross flow tower but is taller for a
given capacity. The cross flow towers have low-pressure drop in relation to their capacity and
consume lower fan power, and hence have lower energy costs.

All mechanical towers must be properly located in order to ensore that the air diffuses freely
without recirculation through the tower, and that the air intalces are not restricted. Cooling
towers should be located as near as possible to the refrigeration systems they serve. If they are
located below the refrigeration system. then the condenser water drainz out of the system
through the tower bazin when the system is shut down.

Forced Draft Cooling Towers

The forced draft tower has the fan, basin and piping located within the tower structure. In thiz
muodel, the fan 1=z located at the base. There are no louwvered extenior walls. Instead. the structural
steel or wood framing is covered with panelling made of alemininm, galvanized steel or ashes-
tos cement boards (see Figure 11.13).
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Fig. 11.15 Mechamical Draught Cocling Tower

In forced dravght cooling, tower fan iz located at the base of the tower and the air iz blown by
the fan up throngh the descending water. The entrained water iz removed by water eliminator
at the top.
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Induced Draft Cooling Towers
In induced dranght cooling towers, the fan 15 located at the top of the tower and draws the air
in through the trays and discharges at the top through fan casing (zee Figure 11.18).

Indoced draught is considered to be better than forced draught because the power require-
ment iz high for forced dranght and the maintenance of fan is costlier. The induced dranght
occupies less space as the fan drives are placed at the top of the tower; the cooling effect is
distributed across the entire cross section of the tower. Fans handle warm air, hence they are

non-freezing. Since air leaves at a high speed, it iz non-circulating.
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Fig. 11.16 Induced Draught Cocling Tower

Hybrid Draft Cooling Towers

Thesze towers utilize mechanical draft fan: to augment atrflow and are also referred to 2z fan-
assisted natural draft towers. Thiz minimizes the power required for the atr movement, with
least-possible stack cost impact. Properly designed fans may need to be operated enly during
periods of high ambient and peak loads (zee Figure 11.17).
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FUSION

Energy is produced in the sun and stars by continnouns fusion reactions i which four nucle: of
hvdrogen fuse in a series of reactions mvolving other particles that continually appear and disappear
the course of the reactions, such as He, aitrogen carbon, and other nuclet, but colminating in one nuclens
of helium and two positrons resulting in a decrease i mass of about 0.0276 amu, corresponding to 257
MeV.

41H1 = 2Hes + 2188

The heat produced in these reactions maintains temperatures of the order of several million de-
orees in their cores and serves to trigger and sustain succeeding reactions. On earth. although fission
preceded fusion in both weapons and power generation. the basic fusion reaction was discovered first,
in the 1920s, during research on particle accelerators. Artificially produced fusion may be accomplished
when two light atom fuse into a larger one as there 15 2 much greater probability of two particles collid-
g than of four. The 4-hydrogen reaction requires, on an average, billions of vears for completion,
whereas the deustermm-deuterium reaction requires a fraction of a second. To cause fuston. it 15 neces-
sary to accelerate the positively charged nueled to high kinetic enerpies, in order to overcome electrical
repulsive forces, by raising their temperature to hundreds of millions of degrees resulting in a plasma.
The plasma must be prevented from contacting the walls of the contamner, and must be confined for a
period of time (of the order of a second) at a minimum density. Fusion reactions are called thermonu-
clear because very high temperatures are required to trigger and sustain themn. Table 102 lists the possi-
ble fusion reactions and the energies produced by them.

Table 10.2
Fusion reaction
Energy per]
reaction, MeV
Number| Eeactants Products
1 D+D T+p 4
2 D+D He'<n 32
3 T+D He*+n 17.6
4 Hel+D He*+p 183

trp. D. and T are the symbels for the neotron, proton, deoterium and tritium respectively.
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Many problems have to be solved before an artificially made fosion reactor becomes a reality .
The most important of these are the difficulty in generating and maintaining high temperatures and the



instabilities in the mediom (plasma), the conversion of fusion energy to electricity, and many other
problems of an cperational nature. Fusion power plants will not be covered in this text

Fission
Unlike fusion, which mvelves nuclei of similar electric charge and therefore requires high ki-
netic energies, fission can be caused by the neutron, which, being electrically neutral, can strike and
fission the positively charged nucleus at hish. moderate, or low speeds without being repulsed. Fission
can be caused by other particles, but neutrons are the only practical ones that result in a sustained
reaction beécause two or three nevtrons are usually released for each one absorbed in fission. These keep

the reaction going. There are only a few fissionable isotopes U™, Pu™*® and U are fissionable by
neotrons of all energies.

The immediate (prompt) products of a fission reaction, such as Xe® and Sr* above, are called
fission fragments. They, and their decay products | are called fission products. Fig. 104 shows fission
product data for U by thermal and fast neutrons and for U and Pu®® by thermal neutrons 1841. The
products are represented by their mass numbers.
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PARTS OF ANUCLEAR REACTOR

A nuclear reactor is an apparatus in which heat 15 produced due to nuclear fission chain reaction.
Fig. 10.6 shows the various parts of reactor. which are as follows -
- Nuclear Fuel
-Moderator
. Constrol Fods
. Reflector
. Reactors Vessel 6. Biological Shielding
7. Coolant
Fig. 10.6 shows a schematic diagram of noclear reactor.
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NUCLEAR FUEL

Fuel of a nuclear reactor should be fissionable material which can be defined as an element or
1sotope whose nuclet can be caused to undergo nuclear fission by nuclear bombardment and to
produce a fission chain reaction. It can be one or all of the following Uzss, Uzas and Puzse.



Natural uranium found in earth crust contains three isotopes namely UP*, U and U and their
average percentage is as follows -
UB8 — 00 3% UBF
—0.7%
U — Trace

Out of these U>" 1s most unstabie and is capable of sustaining chain reaction and has been given
the name as primary fuel. U arid Pu™® are artificially produced from Th**? and U*® respectively and
are called secondary fuel
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Pu®*® and U** so produced can be fissioned by thermal neutrons. Nuclear fuel should not be
expensive to fabricate. It should be able to operate at high temperatures and should be resistant to
radiation damage.

Uranium deposits are found in various countries such as Congo. Canada, US A, USSR,
Australia.

The fuel shoold be protected from corrosion and erosion of the coolant and for this it 15 encased
in metal cladding generally stainless steel or aluminom_ Adequate arrangements should be made for firel
supply, charging or discharging and storing of the fiuel

For economical operation of a nuclear power plant special attention should be paid to reprocess
the zpent- up (bumt) fuel elements and the unconsumed fuel. The spent up fuel elements are mtensively
radipactive and emits some neutron and gamma rayvs and should be handled carefully,

In order to prevent the contamination of the coolant by fission products, a protective coating or
cladding must separate the fuel from the coolant stream Fuel element cladding should possess the
following properties -

1. It should be able to withstand high temperature within the reactor.

2. Tt shouold have high corrosion resistance.

3. It should have high thermal conductivity.

4. It shouold not have a tendency to absorb nevtrons.

3. It should have sufficient strength to withstand the effect of radiations to which it 1= subjected.

Uranium oxide {(U0:) is another important fuel element Uranium oxide has the following ad-
vantages over natural uranium:

1. 1t 15 more stable than natural uranium.

2. There 1= no problem or phase change in case of uranium oxide and therefore it can be used for

higher temperatures.

. It does not correde as easily as natural uranium.

. It 15 more compatible with most of the coolants and s not attacked by Hz, Nz

- There i= greater dimensional stabilitv during use Uranium oxide posseszes following
disadvantages :

. It has low thermal conductivity,

- It is more brittle than natoral uranmm and therefore it can break due to thermal stresses.

. Its enrichment is essential

Uranium oxide is a brittle ceramic produced as a powder and then sintered to form fuel pellets.
Anpther fiel used in the nuclear reactor is uraninm carbide (UC). It 1s a black ceramic used 1 the form
of pellets:

L e L

bad  ad =



324 POWER PLANT ENGIVEERTNG
Table indicates some of the physical properties of nuclear fiuels.
Fuel it Sszzﬂk; ; geat Density kg/m Meh.u::g point
ductivity K- . e
calm. hr°C
Natural uranum 263 0.037 12000 1130
Uraminm oxide 1.8 0.078 11000 2750
Uranmum carbide 20.6 — 13600 2350
MODERATOR

In the chain reaction the nevtrons produced are fast moving neutrons. These fast moving neutrons
are far less effective in causing the fission of U2 and try to escape from the reactor. To improve the
utilization of these neutrons their speed 1s reduced. It 1= done by colliding them with the nuclei of other
material which 1s lighter, does not capture the neutrons but scatters them. Each such collision causes
loss of energy, and the speed of the fast moving neutrons is reduced. Such material i5 called Moderator.
The slow neutrons (Thermal Neutrons) so preduced are easily captored by the nuclear fuel and the chain
reaction proceeds smoothly. Graphite, heavy water and bervllium are generally used as moderator.

Reactors nsing enriched uranium do not reguire moderator. But enrtched uraniom 1s costly due
to processing needed.

A moederator should process the follewing properties -

L It should have high thermal conductivity.

2. It should be available in large quantities in pure form.

3 It should have high melting point in case of sohid moderators and low melting
pomt in case of liguid moderators. Solid moderaters should also possess good strength and
machinability.

4 It should provide good resistance to comrosion.

5 It should be stable under heat and radiation

6. It should be able to slow down neutrons.

MODEFRATING EATIO

To characterize a moderator it is best to pse so called moderating ratio which is the ratio of
moderating power to the macroscopic neuron capture coefficient A high value of moderating ratio indi-
cates that the given substance 15 more suitable for slowing down the neutrons in a reactor. Table 10.3
indicates the moderating ratio for some of the material used as moderator.

Table 103

Material Moderating ratio

Beryllium 160

Carbon 170




Heavv Water 12.000
Ordinary Water 12
This shows that heavy water, carbon and, beryllium are the best moderators Table
in4
Moderator Density {gm/cm®)
H-O 1
D=0 11
c 165
Be 185
Table 10.5 shows some of the phvsical constants of heavy water and ordinary water
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Table 10.5
Physical constant D20 H:O
Density at 203 K 1.1 gmiem?’ 0.0082 sm/cm’
Freezing temperature 27682 273
Boiling temperature 3745 KYES .4
Dissociation Constant 0.3 x 107 1 =107
Dielectric Constant at 293°K BO3 82
Specific heat at 203°K 1.018 1

Control Rods. The Control and operation of a nuclear reactor is quite different from a fossil and
fuelled (coal or ol fired) furmace. The fumace is fed continwously and the heat energy in the furnace 15
controlled by regulating the fuel feed, and the combustion air whereas a nuclear reactor contains as
much fiel as 1s sufficient to operate a large power plant for some months. The consumption of this fiel
and the power level of the reactor depends upon its neutron flux in the reactor core. The energy pro-
duced in the reactor due to fission of nuclear fisel during chain reaction is so much that if it is not
controlled properly the entire core and surrounding strocture may melt and radicactive fission products
may come out of the reactor thus making it uninhabitable. This implies that we should have some means
to control the power of reactor. This is done by means of control rods.

Control rods in the cylindrical or sheet form are made of boron or cadmmm. These rods can be
moved in and out of the holes in the reactor core assembly. Their insertion absorbs more neutrons and

damps down the reaction and their withdrawal absorbs less neutrons. Thus power of reaction is control-
led by shifting control rods which mav be done mamsally or automatically.
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Control rods should possess the following properties -
1. They should have adequate heat transfer properties.
2. They should be stable under heat and radiation.

3. They should be corrosion resistant.

4. They should be sufficient strong and should be able to shut down the reactor almost instantly
under all conditions.

3. They should have sufficient cross-sectional area for the absorption

REFLECTOR

The newtrons produced during the fission process will be partly absorbed by the fuel rods;
moederator, coolant or structural material etc. Wewtrons left unabsorbed will try to leave the reactor core
never to retum to it and will be lost Such losses should be mintmized. It s done by sumrounding the
reactor core by a material called reflector which will send the neutrons back into the core. The returned
neutrons can then cause more fission and improve the neutrons economy of the reactor. Generally the
reflector is made up of graphite and berylliom.

BEACTOR VESSEL

It 1= a. strong walled container housing the cure of the power reactor. It contains moderaior,
reflector, thermal shielding and contrel rods.

BIOLOGICAL SHIELDING

Shielding the radicactive zones in the reactor roan possible radiation hazard is essential to pro-
tect. the operating men from the harmful effects. Dunng fission of nuclear fuel, alpha particles, beta
particles, deadly gamma ravs and neutrons are produced. Out oil these ne-lutroxrs and gamma rays are
of main significance. A protection must be provided against them Thick lavers of Iead or concrete are
provided round the reactor for stopping the gamma rays. Thick layers of metals or plastics are sufficient
to stop the alpha and beta particles.

COOLANT

Coolant. flows through and around the reactor core. It 1s used to transfer the large amoeunt of heat
produced in the reactor due to fission of the nuclear fisel during cham reaction. The coolant either
transfers 1ts heat to another medium or if the coolant used 1= water it takes up the heat and gets converted
into steam in the reactor which is directly sent to the turbine.

Coolant used should be stable under thermal condition. It should have a low melting point and
high boiling point. It should not corrode the material with which it comes in contact. The coolant should
have high heat transfer coefficient. The radioactivity induced in cooclant by the neptrons bombardment
should be nil The various flnids vsed as coolant are water (light water or heavy water), gas (Air, COy,
Hydrogen Helium) and liquid metals such as sodinm or mixture of sodinm and potassiom and inorganic
and organic fluids.

Power required to pump the coolant should be minimum . A coolant of greater density and higher
specific heat demands less pumping power and water satisfies this condition to a great extent Water is
a good coolant as it is available in large qualities can be easily handled, provides some lubrication also
and offers no vnusual corrosion problems. But due to its low boiling point (212 F at atmospheric pres-
sure) it is to be kept under high pressure o keep it in the liquid state to achieve a high that transfer
efficiency. Water when used as coolant should be free from impurities otherwise the impurities mav
become radioactive and handling of water will be difficult.



COOLANT CYCLES

The coolant while circulating through the reactor passages take up heat produced due to chain
reaction and transfer this heat to the feed water in three ways as follows :

{a) Direct Cvecle. In this svstem coolant which is water leaves the reactor in the form of steam:
Boiling water reactor uses this svstem.

(b) Single Circoit System. In this system the coolant transfers the heat to the feed water m the
steam generator. This siystem 15 used in pressunzed reactor

{c) Double Circuit System. In this system two coolant are used. Primary coolant after circulating
through the reactor flows through the mntermediate heat exchanger (THX) and passes on its
hest to the secondary coolant which transfers its heat in the feed water in the steam generator.
This system 15 used in sediom graphite reactor and fast breeder reactor.

REEACTOR CORE

Reactor core consists of fuel rods. moderator and space through which the coolant flows.
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The most widespread power plant reactor types are:
Pressurized Water Reactor (FWR)

Boling Water Beactor (BWE)

Prezzurized Heavy Water Reactors (PHWER)

Liquid Metal Fast Breeder Reactors (LMEER)

High Temperature Gas Coocled Reactors (HTGR)
Advanced Gas Cooled Reactors (AGR)

Mapnox

Advanced Presmrized Water Reactor (APWER)
Advanced Liguid Metal Reactor (ALMR)

10, Advanced Boiling Water Feactor (ABWE)

11. [Integral Fast Reactor (IFR)

12. Modular High Temperature Gas Cooled Reactor (IMHTGR)
13. Simplified Boiling Water Reactor (SEWR)

Few of above reactors are explained in the following sections.

ST LR

o om

Pressunized Water Beactor (PWER)

Nuclear power plantz ron oo uranium fuel. In the reactor, nraminm atoms are split through a process
known as fission When atoms are spilt, they produce a large amount of emergy that is then converted to
heat. The heat boils water, creating steam that iz used to turn turbines, which spins the shaft of 5 generator.
Inside the generator, cotls of wite spin in a magnetic field and electricity 1z produced. The Nuoclear power
plants uze two types of reactors to achieve this process boiling water reactors (BWE) and pressurnzed water
reactors (PWER).

The prezsunzed water reactor befongs to the light water type the moderator and coolant are both light
water (H:0). The coolmng water circulates in two loops, which are folly separated from one another.
Prezsurized Water Reactors (PWE) keep water under pressure, so the water heats but does not boil even at
the high operating temperature {Figure 3.3).
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Constant pressure i3 ensured with the aid of the pressunizer. If pressure falls in the primary circuit, water
in the pressurizers 13 heated up by electnc heaters, thus raizing the pressure. If pressure increases, colder
cooling water 15 injected fo the pressunzer. Since the vpper part 12 steamn, pressere will drop: The primary
circust water transferred its heat to the secondary circoit water 1o the small tubes of the steam generator; it
cools down and retorns to the reactor vessel at a lower temperature.

Since the secondary circuit pressure 13 mnch lower than that of the primary circpit, the secondany circuit
water in the steam generator starts to boil. The steam goes from here to the torbine, which has high and low
pressure stages. When steam leaves the turbine; it becomes liquid again in the condenser, from where it i3
pumped back to the steam generator after pre- heating.

MNormally, primary-and secondary etrcutt waters cannot pux. In thiz way, 1t can be achieved that any
potentially radicactive material that gets into the primary water should stay in the primary loop and cannot
get into the turbine and condenszer. Thiz s a barrier to prevent radicactive comamination from getting out.

In pressurized water reactors the fiel is usnally low (3 to 4 percent) enriched uraninm oxide, sometimes
uraninm and plutoniom oxide mixture (MOX). In today’™s PWHs the primary pressore is vausatly 12 to 16
bars, while the outlet temperature of coolant iz 530 to 32°C. PWE. iz the most widespread reactor type in the
world they give about 64% of the total power of the presently operating smclear power plants.

Boiling Water Reactor (BWR)

Boiling Water Reactors (BWER) heat water by generatine heat from fission in the reactor vessel to boil
water and create steam which tams the generator. In both types of plants, the steam iz tumed back into
water and can be nsed apain in the process.

In a boiling water reactor. light water {H:0) plays the role of moderator and coolant as well. Part of the
water boils away in the reactor pressure vessel thus a muxture of water and steam leaves the reactor core

{Figure 3.9},
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The so generated steam directly goes to the turbine, therefore steam and moisture must be separated.
Steam leaving the turbme 13 condensed in the condenzer and then fed back to the reactor after preheating.

Water that haz not evaporated in the reactor veszel accurulates at the bottom of the veszel and minges
with the pomped back feed water.



Since boiling in the reactor 15 allowed, the prezsure is lower than that of the PIWERs: Tt s about 610 7 bars.
The firel is vzually vranium dioxide. Ennchment of the fresh fuel 15 acrmally somewhat lower than that ina
PWE.

The advantage of this type i3 that - since this type has the simplest construction - the buildeng costs are
comparatively low. 22.3% of the total power of presently operating nuclear power plants 1s given by BWERs.
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Im 18 c@mmmn OF NUCLEAR POWER PLANT AND mmmwFL

The cost of electricity generation is nearly equal in both these power plants. The other advan-
tages and disadvantages are as follows :

(1) The number of workman reqguired for the operation of nuclear power plant is much less
than a steam power plant. This reduces the cost of operation.

{i1) The capital cost of nuclear power plant falls sharply if the size of plant 1s increased. The
capital cost as structural materials, piping, storage mechanism etc. much less in noclear power plant than
similar expenditure of steam power plant. However, the expenditure of nuclear reactor and building
complex 15 much higher.

{i1i)  The cost of power generation by nuclear power plant becomes competitive with cost of
steam power plant dbove the unit size of about 500 mW.

1 1 2

Multiplication factor is used to determi--

fubs S
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5.15 Waste Disposal N

Waste disposal problem is common in every industry. Wastes
from atomic energy installations are radioactive, create radionctive
hazard and require strong control to ensure that radioactivity 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 liqﬁid wastes is done in two
WaYys ; y

(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 contamination of under-
ground water if the dilution factor is not adequate.

lif) 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 concentrated to small
volumes and stored in underground tanks. The tanks should be of
assured long term strength and leakage of liquid from the tanks
should not take place otherwise leakage or contents, from the tanks
may lead to significant underground water contamination.

Gascous Wastes. Gaseous wastes can most casily result in
atmospheric pollution. Gascous wastes are generally diluted with
air, passed through filters and then released to atmosphere through
Iarge stacks (chimneys).



Solid Wastes. Solid wastes consist of serap material or dis-
earded objects contaminated with radioactive matter. These wastos
if combustible are burnt and the radioactive matter mixed with

concrete, drummed and shipped for burial. Non-co le solid
wastes, are always buried deep in the ground. .

Tarye
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Radioactive Waste Disposal
One of the major problems in the meclear plants 1= the disposal of waste produocts that are highly
radioactive. They emit large quantities of y ravs and these high-energy v rays destroy all living
matter throngh which they pass.

The radicactive products of 400 MW power station would be eguivalent to 100 tons of
radivm daily and the radicactive effect of these plant products if exposed to atmosphere would
kill all the living organizms within an area about 100 square miles.

The disposal of nuclear waste iz a very difficult problem for the engineers and scientists.

In a nuclear fuel cycle, the solid, liguid and gaseous radicactive wastes are produced at
different stages. Theze radioactive wastes must be disposzed off in such a manner that there 15
no hazard to homan and plant life. Moderate active solid wastes are buried in the ground.
Moderate liguid wastes after preliminary treatments are discharged in deep pits or dry wells to
keep them from zeeping out mto the surrounding ground. Active liguoids are kept in concrete
tanks and theze tanks are buried in the ground till the radicactivity decays. Manyv times the
radicactivity increases the temperature of the liquid waste or zometimes these liquids boil and
the ‘activity decreases with fime. Gaseous wastes ‘are discharged to atmiozphere through high
stacks if the wind permits. The waste iz disposed to air, ground and ocean.

1. Asr

There are a lot of iszues in the disposal of radicactive gases into the air. Because strong
radicactive gases such as strontivm and 1odine are absorbed by the plants and they enter into
the human body through food. Caezium iz absorbed in muscle and strontivm is absorbed in
bones resulting in paralyses of the body. Generally, radioactive gases are collected and stored
in a tank buried in the ground and disposed off to the atmosphere when radicactivity level 1z
sufficiently low.

The amount of radioactivity presently disposed off in the air 1z well below the harmful level,
but the problem will become sericus when'a large nomber of power reactors come up'in
operation.

2. Ground

Thiz 15 cne of the easy and cheapest methods of disposal becapse soil absorbs radicactive
material easily. This dispesal is soitable mostly in areas of low rainfall that are high above the
grovnd water level

Most of the radicactivities of waste are removed just by storage. The storage problem 1s
simplified by separating caesium and strontivm, which are extremely radicactive. These are
generally stored in tanks that are buried in ground and then disposed off into the sea after 13
years of storage.

Defunct coal mines are used for waste dizpozal. The wastes are dizsposed off in salt heaps
provided m the mines. because salt iz a powerful abzsorber of radioactive emissions. Disposing
off liquid waste by freezing i3 an easy and more economical method.

Disposal of LLW: The final deposition of the wastes iz a major concern. Many countries are
undertaking activities involving undergronnd disposal in deep geslogical formations. These
countries are investigating znitable sitez and snitable methods of storage at thesze sites. Thess
methods must be efficient enough to protect present and firtore populations from poten- tial
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hazards The znitable sites must be free of flowing ground water, but storage vessels must
demonstrate reliability even in flowing water conditions.

The dizsposal of low and intermediate level wastes iz doae at relatively shallow depths 1n
many countries. namely packing the waste in solid form in concrete steel dmms and burying
(Figore 16.34).

.

ety o

K_:’ Canisier

— Stone comml

— Bhaft for high level
Wistes

Slorage arca

Fiz. 1634 Daspossl of LLW

If zpent fuel is to be dizposed. it iz burnied in the earth, namely deep salt or granite formations
below ground or below the sea bed.

Figure 16.33 shows a concepteal deposttory for the storage of HLW in rock 2alt formation
for thousands of vears. The solidified waste 13 placed in canisters that are stored 1 holes drilled
it rock salt with a spacing of 10 m to allow efficient dizsipation of energy without exceeding
the temperature limits of either canister or salt. Each canister requires 100 m? of salt for cooling.

___‘:‘:‘_._ e 4 |n lead

14 n ItErium

ST ~——— 4 in bentonite
Granite

Fig. 1635 Canister for Viinfied High-Level Waste

3. Ocean
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In many places. the liquid waste is disposed off to the sea throogh the pipes camried fiom the
plant to the point of dizposal While disposing off the waste into the sea. it should be ensured
that the radicactivity level should not be very harmful to the fish life and seaweed, which iz
harvested for human use. In another method, the =olid wastes should be cazed into concrete
blocks and these should be dropped 1oto the sea at suitable places. The cost of disposal by this
method is approximately R 300 per cobic metre volume.

The danger of dizposal into the seawater is indirect and depends on the absorption of
radicactive elements zuch as caesmum and strontivm by plankton and then throngh the
biological chain to the edible fishes and then to humans.

It iz necessary to keep the radicactive solid waste at a depth of 6 m 1n water nearly for 100
days. It was found that after 100 daysz cocling of radicactive waste of 28 MW plant in water
still had a radicactivity equal to million prams of radinm. About 50 per cent of the radicactive
elements disappear during cooling.

Different Methods for Nuclear Waste Dizposal
In this section different types of ouclear wastes and the methods vsed to handle them are
dizcussed. These are az follows:

1. Fission fragments — weak, intensity active; isotopes — spent fuel stored under 6 m deep
water to cool (100 days) — intensely active

Pt

. Radioactive waste — gaseous liguid, solid
Solid — buried at depths of few metres
Gaszeons — discharzed to atmosphere through high stacks
Liguoid — after preliminary treatment discharged in dry wells or deep pits
3. Waste solution — stored in a stainless steel tank enclesed in a concrete wall, buried vnder
earth (10 m) and provided with cooling o1l to keep temperature at 50°C
4. Low-level solid waste — cast in cement in steel drum — drums buried below soil or kept at
the bed of ccean
3. Meadium-level solid waste — incorporated into cement cylinders
6. High-level lignid waste — stored in special steel tanks in concrete walls, water cooled —
talen to storage area and disposed within 10 cm thick lead wall surronnded by 6 mm
titanium. Some other locations and methods nsed for nuclear waste disposal are as follows:
(t) Geclogical formations (a) Rock salt
¥ Powerful abzorber of radioactive emission
» Good thermal conduectivity
¥ Cavities and tunnels can be easily made
(b) Argmillacecns sediments — boreholes are provided at 160—260 m depths in-a 100-m thick
bed of clay
{c) Hard rocks —ignecus. metamorphic, sedimentary rocks
{if} Ocean
Floors of deep ccean provide safe. potential disposal sites for solidified high-level radicactive
waste



756 Power Plant Engmeenng

(it1) New methods to treat HLW

(2) HARVEST Process — (highly active residues vitrification engineerng study). This pro-
cesz was developed in 1970, In this process, highly active liqnid waste 1z mixed with
glazs forming chemical in a steel container. The contamer is heated tn a furnace to about
1000°C. It involves the following process. This mixture fuses to glass, which is further
cooled, zealed and then discharged to the storage area (Figure 16.36). Liguid waste +
glass-forming material — heated steel vessel

|

Mixtore foses to glass
|

Cooled_ zealed, dizcharged to storage

Highly: akive | ClisEwnimes
Ligumd waste chemcal

OFf pag treatimeit
L
Y A =

P—

Storuge
I*Je:w conlr:inlucr fl“E_d
Contamer
Contaimer contained
m oater
m furnace cooled
and
zaaled
canistar
at 1000°C

Fig 1636 Waste Treatment (HARVEST Process)

{B) AVM (Atelier de Vitrification Marcoule) Process

Figure 16.37 zshows AVM (Altier de —Vitrification Marcoule) procesz uzed for hquid waste
disposal. The'process iz self-explanatory. In thiz process; the liquid waste fed to a container iz
heated in a furnace and further mized with glass powder. The mixture that comes oot iz melted
in a melting furnace and collected in a2 veszel In the subsequent steps, the container is closed
and the exterior body of the vessel is decontaminated before dizposing off into the storage area.

{1v) Noclear waste caleining
Liguid — solid means small volome and easy storage. Calcining the liguid waste results in free
flowing non-corrozion granules.

Features
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» Spent fuel iz reduced to a higuid
» Extraction of usable fuel from liqnid
» Caleining the liquid waste

Off-gas elean-up system

Figure 16.3% shows an off-gas clean vwp system. Hot gas iz quenched and passed through
scrubbers and dried in condensers, demisters. It is then reheated and pazsed through zilica gel

To off g=s freatmant
F— Glass powder feed
Uquid | 4 _Fumace =
waste faad ré/_’ =

————

/

Storage  [::7
s f

ot E|
(NERE-TE FEEERE

Decontaminale Filid  Fill containes
exterlor

Fig 16537 AVM Process
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Fig 16.38 Off-Gaz Clean-Up Svyatem

absorber, demisters filters. atmosphere protection system and then discharged to atmosphers
through a stack 80 m high

(Gas disposal system — krypton, iodine gases, tritium, C02

Crypton — cryogenic treatment of dissolved off-gas stream, packed in gas cylinder under

pressure
Iodine — caustic scrubbing or HNO; scrubbing

Tritivm — voloxidetion, pyrochemical processing, isotope enrichment
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€0 — Caustic scrubbing
Rupiure in the fuel element cladding releases gaseous fission products,

dhbbde -
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The advantages of diesel power plants are listed below.

1. Wery simple design also simple installation.

2. Limited cooling water requirement.

3. Standby losses are less as compared to other Power plants,
4. Low fuel cost.

3. Quickly started and puton load,

fi. Smaller storage is needed for the fuel.

7. Layout of power plant is quite simple.

8. There is no problem of ash handling.

0. Less supervision required.

10. For small capacity. diesel power plant is more efficient as compared to steam power plant.
11, They can respond Lo varying loads without any difficulty.

¢ 5 DISADVANTAGE OF DIESEL POWER PLANT |e—

The disadvantages of diesel power plants are listed below,

High Maintenance and operating cost.
Fuel cost is more, since in India diesel is costly.
The plant cost per KW iz comparatively more,

1
5
3
4. The life of diesel power plant is small due to high maintenance.
5. Noise is a serious problem m diesel power plant.

6.

Diesel power plant cannot be constructed for large scale,

e

R T e T Y
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PLANT LAYOUT WITH AUXILIARIES

Figure 13.6 show general layout of a Diezel Engine plant. The essential components of (diesel engine
plant) are

1. Engine: It iz the main component that develops reguired power. The engine iz directly
coupled to the generator.
2. Asr filter and supercharger: Air filter removes the dost from the air before it enters the

engine. Supercharger increases the pressure of air at engine inlet and hence increases engine
power. They are usually driven by the engines.
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Fig. 13.6 General Layout of DG Plant

3. Exhaust system: The system inclodes silencers and connecting ducts. As the exhaust gazes
have higher temperatures, heat of exhanst gases is vtilized for heating the oil or air supplied
to the engine.

4. Fuel system: It contains the storage tank; fuel pump, foel transfer pump, ol strainers and
heaters. The amount of fiel supplied depends on the load on the plant

5. Cooling system: The system includes water circulating pumps. cooling towers or spray
ponds and water fiftration or treatment plant The purpose of cooling system 1s to ensure the
life of the cylinder by extracting the heat developed from the engine cylinder walls and
hence keeping the temperature within the safer range.

6. Lubrication system: The system inclodes oil pumps. oil tanks coolers and connecting pipes.
The zystem reduces friction between the moving parts and hence reduces wear and tear.

Starting system: The system includes starting aides such as comprezsed air tanks The tank
supplies compressed air to start the engine from cold.

|

8 Governing system: The governing engine maintains constant speed of the enpgine
irrezpective of load on the plant This iz done by varying the fuel supplied to the engine.

FUEL SUPPLY SYSTEM

Diezel engine fuel injechion systems can be divided into two basie types:

1. Asrinjection

In this system. the fuel valve i3 connected to a high-pressure air line fad by a multistage air
com- pressor driven by the engine. The pressure of air may be about 60—70 bar. The blast air

sweeps the fuel along with it when the foel valve 13 opened. Thus, 2 well-atomized fuel spray
1z zent to the combustion chamber.
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2. Solid injection

In thiz system. fuel iz directly injected into the combustion chamber withoot primary
atomization. The method is also known as airless mechanical injection: The system consists of
a pressurizing unit (fuel pump) and an atomizing vait (fuel injector). The high-pressure diesel
13 sprayed into the engine cylinder by the foel injector.

Figure 13.7 shows the sectional view of Bosch fuel injection pump. It consists of a barrel
with reciprocating plunger inside it driven by a camshaft. The pluncer has a constant stroke and
is single acting. A very small clearance of about two to three thousandths of a millimetre is
provided between the pomp barrel and the plonger. This arrangement provides a perfect sealing
withowot any leakage even at very high pressures and low speeds. The pump barrel has two
radially opposing ports known as inlet port and =pill port or bypass port A vertical channel
extending from the top of the plunger to an annual helical groove is provided on the upper part
of the plunger. It varies the quantity of fuel delivered per stroke. The top edge of the upper end
iz milled in the form of a helix. A spring-loaded delivery valve iz provided at the top of the
barrel. The position of the helical groove with respect to the spill port s changed by rotating
the plunger with the rack or control rod. By moving the rack the guantity of fuel injected can
be varied from zero to that demanded at full load.

Delivery
villve spring
pnng foree

Fuel passape

Mowzle valve

Pressure chamber

Orifice

A Avomized ful spray

— — — Plunger

(———"" Barrel

Fig. 13.7 Boszch Fuel Injection Pump
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3. Operation
During the delivery sfroke, a cam raises the plunger upwards and a plunger return zpring brings
it back to BDC pozition. When the plunger is at the bottom of its stroke, foel starts flowing into
the barrel through the inlet port. Fuel fills the space above the plenger in the vertical groove
and in the space between the helix.

When the plonger starts moving upwards, some amount of fuel enters the barrel as the mlet
ports are uncoverad. Further movement of the plunger npwards covers both the inlet and spall
ports and the trapped fuel gets compressed. Due to high preszore. fuel 1z forced through the
delivery valve and enters the injector which injects foel into the combustion chamber. The
injection process continues till the end of the vpward stroke and stops when the lower end of
the helix uncovers the spill port. As soon as spill port uncovers, the finel pressure in the barrel
drops suddenfy due to the flow of fuel back to the suction chamber through the vertical channel
Injection process ends as both spring-loaded injector valve and spring-loaded delivery valve are
suddenly closed. Plunger movement controls the quantity of oil delivered.

Figure 13.8 shows a typical fuel system used in diesel plants. The fiuel oil may be delivered
at the plant site by trucks, railroad tank cars or barge and tankers. From tank truck the delivery
is done vzing the vnloading facility to main storage tanks. This foel iz then transferred by pumps
to small service storage tanks known as engine day tanks. The main flow is ensured by arranging
the piping equipment with the necessary heaters, by passes, shut offs, drain lines, relief valves,
strainers and filters, flow meters and temperature indicators. The actual flow depends on type
of fuel, engine equipment; size of the plant, etc: The tanks should contain manholes for internal
access and repair; fill lines to receive oil, vent lines to discharge vapours, overflow return lines
for controlling oil flow and a suction line to withdraw o1l Coils heated by hot water or steam
reduce oil viscosity, which lower pumping power needs.

The minimutn storage capacity of at least a month’s requirement of o1l iz generally kept in
bulk: However. when the advantages of seazcnal fluctuations im0 cost of oil are to be availed, it
may be necessary to provide storage for a few months’ requirements. Day tanks supply the daily
fuel needs of engines and are placed at a height 3o that oil may flow to engines under gravity.

The fuel oil supply zvstem operation would be zatisfactory if the following points are taken
care of:

(i} Provisions for cleanliness and for changing over of lines during emergencies.

(11) Provisions for tight pipe joints in all suction lines.

(iii} Keep all oil lines under air pressure with the joints tested with scap solotion. Small air
leaks into the line can be the source of operating difficulties and are hard to rectify once
the plant 1z in operation

(iv) Flush the piping between filter and the engine thoroughly by cil before being first placed
ity 3Ervice.

(v) Due importance should be given for cleanliness 1n handling bulk fuel oil. Dirt particles
will roin lap of injection pumps or pluog the injection nozzle orifices. Thus, high-grade
filters are of great importance to the diesel oil supply system.
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Fig 13.8 Syztem of Fuel Storape for a Diesel Power Plant

Fuel Injection System
Fuel injection system is the heart of'the diesel engine_In an injection system, very small quantity
of fuel must be measured oot injected, atomized and mixed with combustion air. The mixing
problem becomes more difficult, the larger the cylinder and faster the rotational speed.
However, special combustion arrangements soch 3z pre-combustion chambers, air cells, ste.,
afe necessary to ensure good mixing. Engines driving electrical generators have lower speeds
and simple combustion chambers.

Functions of a firel injection system are as follows:
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(i) Filter the fuel
{11} Meter or measure the correct quantity of fisel to be injected
(iii) Properly time the fuel injection
{1v)} Control the rate of fuel injection
(v] Atomize or break-up the fuel into fine particles

{vi) Properly diztribute the fuel in the combustion chamber

The injection systems especially the parts that are actually manufactored with great accoracy
meter and inject the fuel. Some of the tolerances between the moving parts are so zmall {of the
order of 1 p) that they require zpecial attention duoring manufacture. Hence, the injection

systems are costly.

Types of Fuel Injection Systems

Most commonly used fuel injection systems in diezel power station are as follows:

(i) Common rail injection system

(i) Indicidoal pump injection system

(1) Distributor

Atomization of fuel oil can be done by
(i air blast and (i1) pressure spray. In
the clden davs: engines nsed air foel
injection at about 70 bar, which was
sufficient not only to ingect the odl, but
also to atomize it for a rapid and thor-
ough combustion. The expense of pro-
viditg an air compressor and tank led
to the development of ‘zolid®
injection, wvsing liquid pressure of
between 100 and 200 bar, which 1=
sufficiently hich

to’ atomize the o1l it forces through
spray nozzles.

1. Common rail injection system

Two types of common rail mjection
systems are shown m Figure 13.9 and
13.10, respectively.
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Fig. 13.9 Commen Bail Ijection System Using 2 Single
Pump
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$pring-loaded In thiz caze, a single pump supplies high
spray valve pressure fuel to header. A relief valve holds

pressure constant The control wedge adjusts
Fiel Hnes fo the lift of mechanical operated valve to set
other¢ylindees the amount and time of

¥ L
Cantrol tnjection.
lgvzl

7& @
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and timing valve
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Fuel from -—
diny tank

Figure 13,10 shows a controlled pres-  sure system. It haz a pump that maintain:  set head
pressure. Pressure relief and  timing valves regulate injection time and amount. Spring-loaded
spray valve acts merely asa check.

2 Individual pump injection system
An individual pump injection system iz shown in Figure 13.11_In this system an  individual

pump cylinder connects directly

to each fuel nozzle. Pump meters charge and control injection timing. Nozzles contain a8

delivery valve that 15 actuated by the fiel oil
Fig. 1310
Contro
lled
Prezsure
Svatem
pressure
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3.
Distributor system

Most commonly used distribotor system i3 zshovwn in Fignre 13.12. In this system the foel is

metered at a central point. A pump pressurizes, meters the fuel and times the injection. The fuel
iz then distributed to cylinders in correct firing order by cam-operated poppet valves that open
to admit fuel to the nozzles.
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Fig 13.12 Distributor System

SUPER CHARGING
It is well known that the power output of an engine increases with an increase in amount of air
n the cylinder at the beginning of compreszion stroke. This is becanse air allows burning more
quantity of fuel. Supercharging iz a process that helps to inereaze the soction pressure of the
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engine gbove atmospheric pressure and the equipment vsed for thaz purpose is known as
supercharger. The advantages of supercharged engines are as follows:

(f} Power increaze: By supercharging the engine, the engine outpot can be increased by
30-50 per cent at the same speed of the engine,

(t1} Fuoel economy: The combustion in supercharged engine is better as it provides better
mixing of the air and fuel than un-sopercharged engine. Hence, the specific foel

consumption of a supercharged engine iz less than a natural aspirated engine The
thermal efficiency of a supercharged engine iz alzo higher.

(i1} Meachanical efficiency: The mechanical efficiency of a supercharged engine is better
than a natural aspirated engine at the same speed. This is becanse the power inecrease
due to supercharging increases faster than the rate of increase in friction losses.

(1v) Scavenging: With the increasze in supercharged pressure; the scavenging action is bet-
ter mn two-stroke supercharged engines as compared to naturally aspirated engines,
because the guantity of residual zases 15 reduced.

iv) Knocking: Supercharging reduces the possibility of knocking in diezel engines
because delay period is reduced with an increase in supercharged pressure. Actuafly.
supercharging results in smoother rooning of the engine. It has been found that
fourstroke engines are more easily adaptable to sopercharging than two-stroke
engines.

Drae to the aumber of advantages of supercharsing mentioned above, modern diezel engines
used in diesel plant are generally supercharged. By supercharging, the size of the engine is
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Fig. 13.13 Working of a Turba-Charged Engine

reduced for a2 given output and consequently the space requirements and civil engineering works
alzo reduced.

The Superchargers that are considered for diesel power plants are positive displacement type.
centrifugal type and exhavst turbocharger. The selection depends upon its relative merits fora
particular sitnation. Figore 13.13 shows a typical turbocharged engine.
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A turbocharger 13 used to force air/fuel mixture into an engine at a pressure greater than the
natural atmospheric prezsure. The exhanst coming out of the engine iz puzhed through a turbine,
mounted on a shaft, which 1n turn spins an ai compressor. The compressor draws air in and
blows it into the inlet manifold, and generates the boost. Foreing the airfuel mixture into an
engine allows it to burn more foel and generate more power without changing engine capacity.
When the air iz compreszed (with a turbo) it gets hotter - As hotter air contains lezz oxygen than
cooler air, less oxygen is available to burn extra fiuel going into the engine.

METHOD OF STARTING DIESEL ENGINES

The SI engines used for power generation in DG plants are psually small in size, which use
compression ratio from 7 to 11. Hand ‘and electric motor (6—12V, DC) eranking are generally
used to start the engine.

The CI engines use very high comprezsion ratios from 20 to 22 and hence it iz difficoli to
hand crank the engine. Hence zome mechanical cranking svstams are nsed.

1. Compreszed aif system

In thiz system shown in Figure 1314, air at a prezsore of 2030 bar is supplied from an air tank
at the engine inlet through intake manifold. In the caze of multi-cylinder engine. compressed
air enters one of more of the engine cylinders and forces down the piston to turn the engine
shaft Duning the meantime, suction stroke of some other cylinder takes place and the com-
preszed air pushes this cylinder and capses the engine shaft to rotate. Graduoally the engine gains
momentom and by supplying the fuel engine starts maning.

MR Main stariing
vane valvie
Fd
1 Har
recalvers
Turmeng
distribwion
= To contrals
axhaunt viahvs,

alo.

imaniioid

k4

Salwty
walve

Cylirvdaed staiting alf valves A
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2. Electric starting
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An electric starting system is shown in Figure 1313, It consests of an electric motor driving a
pimion, which engages a toothed rim on engine flywheel. Electric supply for the motor is made
using a small electric generator driven by the engine. A sterage battery of 12-36 'V 13 used to
supply power to the electric moter. The electric motor disengages automatically after the engine
has started.
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Fig 13.15 Electric Starting Syvstem

The starting motor for diesel and gascline engines operates on the same principle as a direct
current electric motor. The motor 13 designed to camry extremely heavy loads but, because it
draws a high current (300-663 A), it tends to overheat goickly. To avoid overheating, the motor
zhould not be mn for more than the specified amount of time, vspally 30 seconds. A time lag
of 2 or 3 min 1=z ezzential before vsing it again. The starting motor 15 located near the flhywheel
When the starting switch iz closed, the drive gear on the starter meshes with the teeth on the
flywheel The drive mechanizm (1) tranzmits the turning power to the engine when the starfing
motor roas, (2) disconnects the starting motor from the engine immediately after the engine has
started and (3) provides a gear reduction ratio between the starhing motor and the engine. The
drive mechanizsm disengages the pinion from the flywheel immediately after the engine starts
to avoid any damage, since this engaged pozition may increase the motor shaft speed to 22,500
30,000 rpm as against the engine speed of 1500 rpm.

3. Hydranlic starting systems

Several types of hydraulic starting systems are in use for engines. A typical hydranlic stating
system 15 zhown in Figore 13.16. In general most systems consist of a hydraulic starting motor,
a piston-type accumulator. a manually operated hydraulic pump. an engine-driven hydraulic
pump and a rezervoir for the hydraulic fluid. Hydraulic pressure is provided in the accumulator
by a manually operated hand pump or from the engine-driven pump when the engine 13 oper-
ating. By operating the starting lever, the contrel valve allows hydraulic o1l (under preszore of
nitrogen gas) from the accumulator to pass through the hydravlic starting motor, and cranks the
engine. When the starting lever is releazed, spring action disengages the starting pinion and
closes the control valve. This stops the flow of hydravlic oil from the accumulator. To protect
the starter from the high speed: of the engine. an overrunning clutch iz used: The hydraulic
starfing system 13 used on some smaller diesel engines.
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Fig. 13.16 Hydraulic Starting Svstem
4. Starting by apxiliary engine

In thiz metheod. g small petrol engine is connected to the main engine through clutch and gear
arrangement. The clutch is disenpaged and the petrol engine iz started by hand. Then the clutch
iz graduoally enpaged and the main engine iz cranked for starbing Clutch iz disengaged
antomatically when the main engine iz started.

COOLING AND LUBRICATION
SYSTEM FOR THE DIESEL
ENGINE

Cooling and lubrication systems form an essential component of diesel engine plants. An
efficient cocling and lubrication system not only improves the plant efficiency. but also ensures
longer plant life. Given its importance, both of these systems are discuszed hereunder.

Engine Cooling System
During the process of converting the thermal energy to mechanical energy. high temperatures
are produced in the cylinders of the engine a3 a result of combustion. A large portion of heat
from the products of combustion is transferred to the cvlinder head and walls, piston and valves.
Thiz excess heat if not carried away by an efficient cooling system will damage the engine.
Necessity of engine cooling: Enpine cooling 1z necessary for the following reasons:

(t) The maximum cperating temperature of lube oil ranges from 160°C to 200°C. If the
temperatore exceeds this limit, lube oil deteriorates and even might evaporate or burn.
This may result in damaging of piston and cylinder surfaces or piston seizure.
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(i) Due to higher engine temperature, the strength of the materials nsed for varions engine
parts decreases. This may result in excessive thermal streszes due to uneven expansion of
various engine parts and result in cracking.
(111) Hot engine parts result in hot exhanst valve, which canses pre-ignition and knocking.
(1) Due to higher engine temperature, volumetric efficiency and power output of the engine
redoces.

Two basic systems vsed for cooling the engine are

1. Airecoling

In this system atmospheric air i3 circulated around the engine cylinder to dissipate the excess
heat. Heat transzfer area 1= increased by providing fins on the eylinder and cylinder head and air
1z pazsed over them. Air cooling is used for small engines and aireraft engines. Using the fins
mereases the heat transfer surface by about 5-10 times its initial value Fignre 1317 shows a
sectional view of an engine cylinder using finz. As maximnm temperature exists near the
exhanst valve and cylinder head, more fins are required here to dissipate heat.

The finz mav be cast integral with the cylinder and cylinder head or may be fixed sepa- rately
to the cylinder block The number of cast fins may be 2—4 in number per centimetre or 4-6 finz
per centimetre in case of machined fins. The spacing between the fins is limited to 2— 35 mm and
height of the fin varies from 20 to 30 mm.
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Fig. 15.17 Aur Cooling System

2. Water cooling

Ir this system. the cylinder and cylinder head are enclosed in a water jacket. The water jacket
1s connected to a radiator or heat exchanger normally at the front end of the vehicle. Water 15
made to cirenlate through the water jacket. which cools the engine. The hot water returns to the
radiator where it exchanges heat with atmospheric air. The cold water 13 again re-cireulated.
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Water cooling 13 used for bigger engines such as cars, buses, trucks, etc.

High operating temperature existing in the engine may dizintegrate the lube oil film on the
cylinder liners resulting in warping of valves and piston seizer, if the engine 15 not cooled
properly. Thus, proper cooling of the engine is necessary to increase engine life: This iz done
by controlling the exit temperature of cooling water. If the exit temperature 1z too low, Iobe oil
will not spread over the piston and the cylinders resulting in wear and tear. If it i3 too high the
luke o1l burns and dizintegrates. The exit temperature of cocling water 15 thus limited to TO°C.
Az constant flow rate of cocling water increases the exit temperature of cooling water with
mnereazed load, flow regulation of water 12 desirable to control the same.

The hot jacket water from the engine is passed throngh the coolers (hot well) where it i3
cooled with the help of raw water. The raw water is cooled in the cocling towers using either
natural draft or forced draft air circulation The sensible heat of water iz transferred fo air. In
addition, the latent heat of evaporation of water vaporized is the main zource of heat transfer.
The degree of cooling action is limited by the vapour that can be absorbed before the air reaches
satnration humidity at its leaving temperature. As the circulation of water is concerned, the
cooling systems are generally divided into two types.

(i) Open- or single-circwit system

In this system shown in Figure 13,18, pump draws water from cooling pond and forces it into
the main engine jackets. Water, after circulating through the engine, returns to the cooling pond.
The engine jacket is subjected to corrosion becauze of the dissolved gases in the cooling water.

Figure 13.19 shows a closed or double -

circuit system. Engine _““':*——__F_Th__

) - O e S
(i1} Closed- or donble-circuit system |1______|_

I this system raw water iz made to flow

throngh a heat exchanger when it takes
up the heat of jacket water and returns Fig. 13.18 Open- or Single-Circuit System back to the
cooling pond or tower.

1
Enging %

Fiz 1319 Clased- or Donble-Circuit Svstem

About 2535 per cent heat i3 lost by cooling water, which 15 known as jacket water loss. The
rate of flow of water should be adjusted to maintain outlet cocling water temperature to 80°C
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and rise in temperature of cooling water is limited to 11°C. Water used for cooling should be
free from impurities. Even though cooling by water is uniform, it poses a problem in cold
weather. Cocling efficiency is reduced due to scaling in pipes, jackets and radiator. Engine
efficiency 15 affected as some power 1z vtilized to drive the water pump and radiator fan. This
type of cooling system eliminates internal jacket corrosion, bot the corrosion may exist in the
raw water circuit.

Lubrication System
Dre to the presence of friction, wear and tear of the engine parts takes place reducing the engine
life. The lubricant introdeced forms a thin film between the robbing surfaces and prevents metal
to metal contact The varions parts that require lubrication are cylinder walls and pistons. crank
pins, gudgeon pins, big end and small end bearings, etc. The maintenance of proper lubrication
zvstem for all moving parts i3 an important problem in the operation of an IC engine.

The purpose of lubrication are (i) to reduce the power required to overcome frichon, {if) to
merease the power outpuet and (iti) to increase the engine life. Improper lubrication results in
the breakdown of the lubricating films, capsing piston seizure and serious damage to the engine.
Two basic systems vsed for engine lubrication are as follows:

1. Wet sump

In the wet sump system, the bottom of the erankcase contains an o1l pan or snmp which serves
the purpose of an oil zupplying tank or reservoir tank or oil cooler. Oil dripping from the cyvlin-
ders and bearings flows by gravity back into the wet sump where it 1z picked up by a pump and
re-circulated throogh the engine Iubrication system (Fizore 13.20).

The types of wet sump systems generally used are (1) splash and ecircolating pump (force feed)
system. (ii) force-feed system and (1) foll force-feed system.
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Fig. 13.20 Wet Sump Lubncation System Fig. 132! Dry Pump Lubncation System

2. Dy sump
In this dry sump syztem. oil iz supplied from an external tank:. Ol drips from the cylinders and
bearings into the sump. Odl is removed from the somp and paszed back to the external tank
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through a filter. As the sump pump capacity 13 greater than oil pump capacity, oil is prevented
from accomulating in the engine base (Figure 1321}

Lubrication may be achieved m different forms: Full pressure lubrication. mechanical force
feed lubrication or gravity circulation from an overhead tank Some of the lubrication systems
are explained below.

(1) Splazh and force-feed Iubrication system

In a splazh and force-feed lnbrication system (Figure 13.22) oil i3 delivered to some parts by
meanz of splazhing and other parts through o1l passapes under pressure from the odl pomp In
thiz system._ the odl from the pump entering the oil galleries flows to the main bearings and
camshaft bearings. The main beanngs have oil-feed holes or grooves that feed oil into drilled
passages of the crankshaft The oil flows through these paszages forther to the connecting rod
bearings and from there through holes drilled in the coanecting rods to the piston-pin bearings.

Dripigiacr

Coemecting rod

Nzn bezrme

Fig. 1321 Splash and Force-Feed Lubncation System
Cylinder walls are lubricated by splashing oil thrown off from the connecting-rod bearmgs.
In some engines, small troughs are provided under each connecting rod that are kept full by
small nozzles, which deliver oil under pressure from the oil pump. As engine speed increases,
these o1l nozzles deliver an increasingly heavy stream  powerful encugh fo strike the dippers
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directly. Thiz generates a much heavier splash so that adequate lubrication of the pistons and
the connecting-rod bearings i3 provided. In an overhead valve engine, the upper valve traino i3
lubricated by pressure from the pump.

(ii) Force-feed lubrication system

In a force-feed lubneation system (Figore 13.23) oil 13 forced by the oil pump from the crank-
case to the main bearings and the camshaft bearings Unlilkce the splash and force-feed lubrica-
ticn system the connecting-rod bearings are also fed oil under pressore from the pump.

il paszapes drilled in the crankshaft lead oil to the connecting-rod bearings. The passages
deliver oil from the main-bearing journals to the rod-bearing journals either through holes or
throngh annular grooves. The holes line up once for every crankshaft revolotion: In the case of
annular grooves in the main bearings_ oil can be fed constantly info the hole 11 the crankshaft

The prezsurized oil that Inbricates the connecting-rod bearings alsa lubricates the pistons and
walls by squirting oot through strategically drilled holes. Thiz lubrication system is used in all
engines that are equipped with semi-floating piston pins.
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Fig. 1325 Force-Feed Lubrication System

{1ii) Full force-feed (pressure) lubrication system

Its & full force-feed lubrication system an oil pump supplies lnbricating oil to many parts of the
engine throngh duoct system and to the erank shaft through drilled holes. The eylinder walls are
lubricated by oil mist that iz slung outward from the connecting rod bearings or by splazh of
rod ends into oil pools. This system lubricatez the main bearings. rod bearings, camshaft
bearings and the complete valve mechanizm In addition lubrication of the pistons and the
piston pins iz also enabled under pressmre by holes drilled throughout the length of the
connecting rod, creat- ing an o1l paszsage from the connecting rod bearing to the piston pin
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bearing. Thiz passage not only feeds the piston pin bearings but also provides lubrication for
the pistons and cylinder walls. This system 15 used m all engines that are equipped with foll-
floating piston pins (Figure 13.24).
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Fig_ 1324 Full Force-Feed (Pressure) Lubrication System

Filters, Centrifuges and O1l Heaters

1. Filters
The air cleaner or filter filters the incoming air. It also muffles the rescnation (Le. dampens the
nodse) of the swirling incoming air. The location of the air cleaner depends: on the available
space and the hood design.

An air filter performs the following functions:
(1) It filters ncoming air and removes impurities present in it
(11) During back firing of the engine_ it acts as a flame arrester.

(#it) It actz as a silencer for the carburetion system by reducing the engine induction noise.
The filters vzed may be clazsified depending on the dust type and dust concentrations in the air.

(1) Odl impingement type
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It consists of a frame filled with cnimped (pressed into small folds or cormugated) wire or metal
shavings (thin particles). These are coated with a special oil so that air passing through the
frame breaks up into smaller filaments when it comes into intimate contact with the oil The oil
can seize and hold any dust particles being carried by air. The efficiency of this filter drops
progrezsively when in service. Hence, it should be refreshed periodically by removing: washing

and re-oiling:

(1) Oil-bath type
In this type of cleaner. the air is swept over or

through a pool of cil The dust particles A

become coated to the oil. The air 13 then

Filter

 element
i

pazzed through the filter, which retainz the

oil-coated dust particles. Fignre 1325 shows an oil bath-type cil filter containing a fil- ter
element satorated with oil. Oil is con- tained in a separate oil pan. Air from the atmosphere
enters through the circumferen- tial gap 1 and takes a turn at corner 2. This movement leaves

large particle impurities present in air Air then passes over the filter

Fig 1325 Ol Bath-Tvpe Air Cleaner

element through the oil surface. The clean air then
paszses through the passage 3.

(1i1) Dry type
It iz made up of cloth, felt, plass. wool, etc. The filters
catch dirt by causing it to cling to the surface of the filter
mate- rial. The capacity of such filters drops progressively
when they are it uze. The cleaning iz done based on the
amount of air uzed by the engines and dust concentrations
i it

Figure 13.26 shows: a light duty air cleaner. It consists
of a bonded cylindrical cleaning element made of celln-
lose fibre material placed over a fine mesh screen that pro-
vides strength The sides of the element are sealed aganst
dust. Asr passes through the element leaving any impur-
ties present ootside 1t

2. Centrifuges and oil heaters
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Fiz 1326 Light Dutv Awr Cleaner
(Dry)
The complete lubrication system vsually includes the following auxiliaries: Pump. oil cleaners,

o1l coolers, storage and sump tanks, savge: and safety devices. As oil passes through the
lubrication cycle, it accumulates impurities in the form of carbon particles, water and metal
scrap. For continuous reliable operation, attention should be given to oil cleaning.

For this purpose, filters with centrifusges or chemical action have been employed. Mechanical
filters include cloth bags, wool, felt pads, paper dizcs and cartnidge of porous material

Rough cleaning of cil can be done by pazsing high-zpeed centrifuges for final cleanmng:
Centrifuging can be done by periodic centrifoging of the entire lubricating oil or by continuous
cleaning of'a small fraction of it by splitting the oil from main flow and returning back to the
main stream. Oil should be heated before pazsing it through the centrifuge.
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Fiz. 1337 Continuons Centrifupme System

01l zhould be cooled before supplyving it to the engine. As heat i3 developed due to friction
between the moving parts, the cooling 1= done by using water from the cooling tower (Fignre
13.27).

INTAKE AND EXHAUST SYSTEMS

Intake and exhaust systems used in diesel engines ensure smooth functioning of the engine. As
diesel engines draw in air only. speed and power are controlled by the amount of foel injected
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at the end of the compression stroke. For two-stroke diesel engines, a blower 1z used for
induction of air and to improve scavenging. An exhavst system must reduce engine noise and
discharge exhaust gases safely away from the engine. An efficient exhavst svstem can tmprove
engine performance. Both these systems and their essential components are dizcussed in this
section

Intake System

The primary components of the automotive intake system are Intake manifold. throttle body
and air induction components such as air cleaner and ducting.

The intake manifold is normally made of an aluminium alloy and is attached to the cylinder
head. Itz constroction and design depends on its application The intske manifold can
accommodate a throttle body Injection unit and the mixing of the air'fuel mixture is done at the
manifold baze. The butterfly shaft connected to the throttle cable controls the airflow throngh
the omit.

The air induction components consist of an air cleaner and houszing. solid and flexible-duct
tobing, and connectors. The air induction system draws m ambient air from the atmosphere.
The mnlet opening may be located in various positions under the hood.

1. Aircleaner

The air cleaner filters the incoming air The air cleaner element may be manufactired from
pleated paper, oil impregnated cloth or felt, or in an oil bath configuration. Another fonction of
the air cleaner is to muffle the resonation (1.e. dampen the noize) of the swirling incoming air
The location of the air cleaner depends on the available space and the hood desizgn,

2. Ducting
The ducting can be made of hardened plastic with flexible mubber couplings to abzorb engine
movement. These are uspally secured in place by metal worm drive clamps.

Figure 1328 shows a typical intake syztem of a diezel ergine plant. A larpe diesel engine
plant requires about 0.076 m*/min to 0.11 m*'min of air per ¥W of power developed. Air
contains a lot of dust, hence if it iz necezsary to remove the dost content in the atmospheric air.
The air system contain: an intalee manifold located outzide the building with a filter to catch
dirt that would otherwize causze excessive wear in the engine If the atmospheric temperature is
too low, engine misfires at low loads and hence it is necessary to install a heating element nsing
exhaust gas. Occasionally, engine noize may be transmitted back through the air intake system
to the outside air. In such cases, a silencer is provided between the engine the intake: Itiz a light
weight sfeel pipe.
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Fig. 1328 Engine Intake System

Exhaust System
The primary components Figore 13.29 shows an engine exhaust system. The primary com-
ponents of the exhanst system are exhaust manifold, engine pipe, catalvtic converter, exhanst
brackets muffler and components such as the resonator and tail pipe.
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Fig. 1320 Engine Exhaust System

The exhaust system generally handles approximately 0.23 m*/min to 0.30 m*/min of gazes
per EW developed at the averaze exhaust temperature. Muffling of the exhanst noise iz done by
using silencers located ontzide the building. They may be of CL steel etc. A pipe or stack will
extend vertically from the silencer ountlet to carry the exhanst gaszes.

The following provizions should be made for the exhaust system:

(1) Silencing of the exhaust noise to the required depree.
(11) Discharge of the exhanst sufficiently high above the ground level.
(#i1) Water-cooled exhaust linez or special high-temperature materials for exhaust pipes.
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(1) Modification to utilize the by-product heat.

(v} Izolation of engine vibration from building and muffler system by vsing flexible section
of the exhaust pipe.

(vi) Arrangement of the exhanst system to minimize the back pressure created by the exhaust
gystem ifself

APPLICATION OF DIESEL POWER PLANT,

ADVANTAGES AND DISADVANTAGES
The diesel electric power plants mainty find application in the following fields:

1. Peak load plant

The diesel plants are vzed in combination with thermal or hydro-electric plants as peak lead
plants. Thiz plant 13 used only during peak load plant operation. as it can be started quickly and
it has no standby losses.

2. Mobile plants or outdoor nndts

Mobile diesel plant: mounted on skids or trailers can be used for temporary or emergency
purposes such as for supplying power to large civil engineering works for supplementing elec-
tricity supply systems that are temporarily short of power. Mobile plants alzo find application
in various other mdustries such as film_ efc.

3. Standby units

Diesel plants are also vsed as a standby vait to supply part load when required. For example,
thiz can be vzed with hydro-plant as a standby opnit. If the water available 15 not sufficient doe
to reduced rainfall, a diesel station supplies power in parallel with hydroelectric station The
use is made temporarily till the water is available to take the full load.

4. Emergency plant

The plants can be used for emergency purpozes where they act as standby onits. normally idle.
Whenever there iz power infermiption these uonits are used. For example they are nsed in
sitpations when power failure may lead to financial loss or danger in key industrial processes,
tunnel lichting and operating rooms of hospitals. They are also uzed for telecommusication and
water supply uvnder emergency conditions.
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INTRODUCTION

Hydroelectnierty iz the term referring to electricity senerated by hvdropower; the prodoction of electrical
power through the uze of the gravitational force of falling or flowing water. It is the most widely nsed form
of renevwable energy. accounting for 16 percentage of global electricity gensration

Most hydroelectric power comes from the potential energy of dammed water deiving a water turbine and
generator. The power extracted from the water depends on the volume and on the difference in height
between the source snd the water’s outflow. This height difference is called the head. The amount of
potential energy in water iz proportional to the head. A large pipe (the “penstock™) delivers water to the
turhine.

“Run of the river™ systems do not require a dam or storage facility to be constructed. Instead they divert
water from the stream or river, channel it in to g valley and drop it in to a turbine vig a pipeline called a
penstock. The turbine drives a generator that provides the electricity to the local community. By not requiring
an expensive dam for water storage, run-of-the-river systems are a low-cost way to produce power. They
alzo avoid the damaging envirommental and social effects that larger hydroelectric schemes canse, including
a risk of flooding. Water from the river i channeled through a settling basin, which helps to remove
zediment that could harm the turbine. The water then flows mnto the Fore bay Tank where it iz directed
downhil] throngh a pipe called a penstock When the water reaches the botfom, 1t drives a specially desioned
turbine fo produce the electricity.

Hydroelectric power plants are the most efficient means of producing electnic energy. The efficiency of
today’s hydroelectric plant is about 20 percentage.

CLASSIFICATIONS

Based on the Rating of the Plant
This 15 the main consideration while assigning a category to 2 power plant. The rating of the plant will work
25 the name of the plant especially in caze of hydropower plant. Based on rating plants are classified as:
* Micro hydro power plant: Ifthe rating of the plant or we can say the output of the plant iz less than 100
EW or 0.1 MW, the plant 15 called Micro Hydro Power Plant.
« Mhni hydro power plant: If the rating of the plant or we can zayv the cutput of the plant 1= more than
100 KW or 0.1 MW and 12 lezs than 1 MW, the plant iz called Mini Hydro Power Plant.

83

= Small hydro power plant: If the ratins of the plant or we can say the output of the plant 1z less than 10
MW, the plant will come under the Category of Small Hydro Power Plant According fo the new
classification of CEA, India small hydro power plant may have rating up to 25 MW,
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Based on the Technology Used

Based on the technology mvolved specially duning the construction of dam and height of the dam and demand
the hvdro power plants are again classified into three categories. These are:

Impoundment hydro power plant: Tt 15 the most commoen type of hydro power plant bazed on
technological classification A dam 15 constmicted and water 15 stored belund dam and the stored
potential energy of water behind dam 13 used as foel for hydro power plant.

Dwversion hydro power plant: In case the water head 1= small and the potential energy of water iz not
encugh to drive a turbine then 3 separate water flow 1z taken from river with ligh speed so that it may
produce encugh corrent in the generator.

Pumped hydro power plant: Sometimes when the demand of power supply is not high then produced
electricity i3 nzed to drive a motor and water i3 pumped back to the dam and the potential ensspy of
thiz water iz nsed to generate the electricity at the plant

Bazed on Load Shanng by Hydro Power Plant

Peak load power plant: There types of power plant supply power to the load when there peal foad
period, only. Rest of the time the power 1s supplied by main plant In thes types of plants a main power
plant iz atways required and hydso power plant work a3 secondany plant in this case and share the load
for two or three hours.

Let we have a power plant with real load 120 MW for a pericd of ore hour and rest of the time the load
remains within a limit upto 90 MW. In thiz case installine a main plant of 90 MW with a support
bydropower plant of capacity 33 MW is a good idea to zave money on constroction of main plant.
Base load hydro power plant: This 15 the power plant which work mdependently and supply power to
the whole load. It work for the whole time 12, Tt supply power when there 15 a reguirement. Thiz type
of plant are installed where huge water 15 available

Baszed on the availability of head

(0

High head power plants (head = 100 m1)

(i) Medmm head power plants (30 m to 100:m)
{iif) Low head power plants (head < 30 m)

Baszed on the quality of water available (1) Run-of-
river plant without pondage.
(1) Run-ofrver plant with pondage.

(i

} Plant with storage reservoirs.

{1v) Pumped storage plants.

)

Mind and micro hydro plants.

LAYOUT OF HYDROELECTERIC POWER PLANT
Hydroelectric power plants convert the hydraulic potential enargy from water into electrical energy. Such
plants are suitable where water with suitable head are available The layout

HYDROELECTRIC POWER FLANT &7



{Figure 2.1} covered in this ariicle is just a simple one and only cover the important parts of ydroelectric
plant. The different parts of a ydroelectric poiwer plant are:
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Water reservoir: It stores the water received from the catchment areas during monsoon period. Water
sorface in the storage reservoir i3 kmown az head race.
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Fiz. 2.1. Layout of Hydroelactric Power Plant

Dam: Dams are structures built over rivers to stop the water flow and form a reservoir. The reservoir
stores the water flowing down the river. This water iz diverted to turbines in power stations. The
damsz collect water during the rainy season and stores it thus allowing for a steady flow throvugh the
turbines throvghout the year. Dams are also vzed for controlling floods and wrrigation. The dams
zhould be water-tizht and should be able to withstand the prezsure exerted by the water on it. There
are different types of dams such as arch dams, gravity dams and buttress dams. The height of water
10 the dam iz called head race.
Spill way: A spillway as the name suggests could be called as a way for spilling of water from dams.
It iz uzed to provide for the release of flood water from a dam. Tt 15 vsed to prevent over toping of
the dams which could result in damage or failure of dams. Spillways could be controlled type or
vocontrolled type. The vncontrolled types start releasing water upon water nizing above a particular
level But in case of the controlled type, regulation of flow is possible.
Preszure tunnel: It carries water from the rezenveir to surge tank.
Pen ztock and tunnel: Penstocks are pipes which camy water from the reservioir to the turbities inzide
power station They are nznally made of steel and are equipped with gate systems. Water under high
pressure flows through the penstocl:. A tuneel serves the same purpose a3 a penstock: It is used when
an ohetruction i= present between the dant and power =tation such a: a mountain
Surge tank- Surge tanks are tanks connected to the water conductor system Tt zerves the purpose
of redocing water hammering tn pipes which can canse damage to pipes. The sudden surges of water
in penstock is taken by the swrge tank and when the water requirements increaze. it supplies the
collected water thereby repulating water flow and preasure inzide the penstock
Power station- Power station contains a turbine coupled fo a generator. The water bronght to the
power station rotates the vanes of the turbine prodecing torque and rotation
of turbine shaft This rotational torque is transferred to the penerator and is converted into electricity.
The vzed water 1= released throogh the tail race. The difference between head race and tail race 13
called gross head and by subtracting the frictional losses we get the net head available to the turbine
for zeneration of electricity.
Draft tube: It is connected to the outlet of the turbine. It allows the turbine to be placed over tail race
level.
Tail race: It iz a water way to lead the water discharged from the turbine to the river.
Step up transformer: It is nsed to raise the voltage of the electrical power generated at the penerator
terminal
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DAMS
A dam 13 3 man-made stmicture budlt across a river. Most dams are built to control rver flow, tmprove
navigation and regulate flooding: However, some dams are built to produce hydroelectric power.

Hydroelectric power is produced as water paszes throngh a dam and into a river below. The more water
that paszes through a dam. the more energy is produced. Once a dam iz built. an artificial man -made lalce iz
created behind the dam.

Electricaty is produced by a device called a turbine. Turbines contain metal coils surrounded by magnets.
When the magnets spin over the metal codls, electneity 1= produced. Torbines are located inzide dams. The
falling water spins the magnets.

Dame provide clean pollution free energy, but they can also hanm the environment. Species that use overs
to spawn are often hort by dams_ In the Northwest, sockeye salmon and trout populations have dropped from
16 mullion to 2.5 mithon since hydroslectric plants were built on the Colnmbia River. Dams all over the
world have hurt some species.

Types of Daths
{1) Baszed on their functions, dams can be clazsified as
{3} Storage dams (b) Diversion dams
() Detention dams
{if)y DBased cnthe shape the dams are clazsified into
(2} Traperoidal dams (b} Arch dams
(i11) Based on the materials of constroction
{2) Earthdams  (b) Rock pieces dam
(c) Stone masonary dams {d) Concrete dams
(e) RCC dams (f) Timber and mobber dam
(iv) Based on hydraulic design
{3} Overflow type dam () Non-overflow type dam
{v) DBased cn structnral design
{a) Gravity dam (b} Arch dam
(c) Buttreszes dam

SELECTION OF WATER TURBINES
The major problem confronting the eagneenng iz to select the type of turbine which will give maximum
economy. The hvdraulic prime-over 15 ahways selected to match the zpecific conditions under whach it has
to operate and attain maximum posstble efficiency.
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The choice of a zustable hydraulic prime-mover depends vpon vanous considerations for the ziven head
and discharge at a particular site of the power plant. The type of the turbine can be determined if the head
available, power to be developed and speed at which it has to run are knovwm to the engineer beforehand.

The following factors have the bearing on the selection of the night type of hydraulic turbine which will
be dizcussed separately:

1. FRotational Speed
Specific Speed
Maximum Efficiency
Part load Efficiency
Head
Type of Water
Busaway Speed
Cavitation
Nuomber of Units

. Orverall cost

R
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The hydraulic power of a plant can be calculafed using following expression
P=g 1QH
where, P 13 the hydraulic energy in Watts g iz acceleration
due to gravity (9.81 m=?)
| is water denzity (1000 kg/m®)
Q i= the flow {or) discharge m’'z
H 15 the height of fall of water or head in meter The electric

power produced in EWh.
W=9Bl=H0=xQxH=x |=xt=
981QH 11
where. tis the operating time mn hours {8760 hours/year)

iz the efficiency of the turbine-generator (0.5 to 0.9)
The power developed depends npon the quantity of water () and the head (H) of water.
Advantages of Hydropower plant
1.  Water zource is perennially available.

2. Baaning costis very low.

3. Noo-pollnting.

4. Power generation can be switched on and off in a very short time.

5. Simple in concept and self-contained m operstion.

6. Greater reliability.

7. Greater life {more than 50 years).

8. Other than power generation. it provides imigation flood comtrol, afforestation navigation and aqua-
culiure.

9. Hiph efficiency.
10. Surtable for spinning reserve.
11. IMan power requirement is lowr
12. ‘Simple in desion and operation.
Dizadvantages of Hydropower
1. High capital investment and low rate of returm.
Gestation period 1z very large.
Power zeneration depends on availability of water
Plants are for away from load centre henee cost of transmission and losses are high
Large hydro plants disturb the ecology of the area due to deforestation
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FACTORS TO BE CONSIDERED WHILE SELECTING THE SITE FOR
HYDROELECTRIC POWER PLANT
Axailability of water and water head.
Accessibility of site.
Water storage capacity.
Dhistance from the load centre.
Type ofland.
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PUMPED-STORAGE PLANTS
Pumped storage systems work using two reservoirs that are built at differmg heights. Duntig pentods of peak
demand. energy iz generated by relessing water from the upper Teservoir to-drive turbines. The water iz
pemped back up to the upper reservoir from the lower rezervoir during periods of ow energy demand.

A pumped-storage plant has two reservoirs:
Upper reservoir Like a conventional hydropower plant a dam creates a reservoir. The water in this
reservolf flows through the hydropower plant to create electricity.
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Lower reservoir Water exiting the hydropower plant flows into a lower rezervoir rather than re-entering

Using a reversible turbine, the plant can pump water back to the upper reservoir. This is donie in off-peak
hours. Ezsentially, the second reservour refills the upper reservoir. By pumping water back to the upper
reservoir, the plant has more water to generate electricity during periods of peak consumption

Ciamtry
Crine

g

Penstocks:
Large steel tubhes

Power house Ganury -

Reversible pump-turbine



