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1.1.

UNIT-I
INTRODUCTION TO POWER PLANTS

Energy probably was the original stuffor creation. Tt eppears in many forma, but has ane
thing in common— energy iz possessed of the ability to prodeee o dynamis, vital effect, Tt
ghows itself by exeited animated siate asgumed by material which recodves enorgy.
Energy exists in various forms, e.g., mechanical, thermai, electrical ete. One form of en-
ergy can be converted into other by the wse of suitable arrangementa.
Eleciria energy is an essential gradient for the industrial and all-rround development
of any coantry. It is preferred one to the Sllowing advanioges -
() Can be generated centrally in bulk
(i) Can be easily and economically trensported from one place to another over long dis-
tances,
[iff) Lossea in tranaport sve minimam.
(i} Can be easily sub-divided.
() Con be adepted easily and effciently to domestic and mechanical work.
Electric energy is obtuined, conventionally, by conversion from fossil fuels feoal, o,
nzteral pogl, the nueleor and hvdro souress. Heat energy released by borming foseil feals
or by fusion of nuclear material is converted te electricity by firat converting heat ensrpy
o the mechanical form throagh a thermocyele and then converting mechanical energy
through generators to the clectrical form, Thermo-cycle is basically a low efficiency proc-
esg—highest efficiences for modern lnrge size plants range cpto 40%, while smaller plants
may have considerably lower efficiencies. The eorth oy fixed non-replenishable resources
of foseil fuels and nucloar materinls, Hvdro-energy, though replenishable, is also limited
in lormas of poer,
In viaw of the ever increasing per capita energy consumpsion and exponentially riging
population, the earth's non-replenishable fuel regources are not likely to last for a long
time. Thos a coordinated world-wide action plan js, therefore, neceszary to ensure that
energy supply to humanity at lnrge is assured for a long time and at low economic cost.
The following factors needs to considered and actions to be taken aceordingly - (£) Energy
eonsuriplion curtailmend ; (£ To initiote concerted efforts to develop alternative sources of
energy including uneonventional saurees like solar, tidal, gecthermeal energy ete. ; (i} Re-
cyeling of nuclenr wastes | (iv) Development ard application of antipallution technologies

12. POWER
o Any phyeical unit of energy when divided by s unit of time automatically becomes a unit

of power. However, it is in connection with the mechanical and eloctrical forms of energy
that the term “power” is generally used. The rate of produckion or consumption of haat
energy and, to & certain extent, of radiation energy is not crdinarily thought of as power.
Peoaver iy primarily associnfed with mecharical work and electrice! energy. Therefore, power
can be defined as the rate of fow of energy snd can state thet a pewer plant is o wril Guile
for production and delivery of a flowr of mechanical and slectrical energy.

In common usage, & machine or assemblage of equipment that preduces and delivers a
fow of mechanical or electrical energy is & power plant. Hence, an internal combustion
engine l8 a power plant, a water whee! iz a power plant, ete. However, what we generally
mean by the term i that assemblage of squipment, permanantly located on pome chosen
gite which receives raw energy in the form of a substance capable of being operated on in
guch g way a8 to produce electrical energy for delivery from the power plant,
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4.3. SOURCES OF ENERGY
Tha various sourcas of energy ara :

Salids—Coal, enke anthrasite ote. }

1. Fuels {Liquids—Petroleom and its derivativea Conventional
Gases—Natural gas, blast fornace gas ete.

2. Energy stored in water

3, Nutlear energy

4. Wind power

5. Bolar energy

@i, Tidal power

7. Geothermal anergy

8. Thermoeleckric power.

L.A3.1. Fuels
Fuels may be chemical or nuclear. Here wo ghall congider chomical fuels only.

v Hon-conventional

A chemical fuel is o substonce which relegses hea! energy on combustion. The principal
combustible elements of each fuel are carbon end hydrogen. Though sulphur is a combustible ale-

ment too but its presence in the fel is considered to be undesirnble.

Classification of fuels 1

Fuels can be efassifed according to whether

1, They oceur in noture called primary fuels or are prepared called secondary fiels.
2. They ara in solid, figuid or poseows sfafe,

s datatlad SnseiBasilnn af fanle ssm ke alus b s s s faw as bl

Type of fuel Natural (Primary) Prepared (Secondary)

Solid Wood Colos
FPeat Charcoal
Lignite coal Briguettes.

Liguid Petroleum Gasoline

Kerosene

Fuel oil

Alcohol

Benzol

Shale oil.
Guaseous Natural gas Petroleum gas

Producer gas

Coal gas

Coke-oven gas

Blast furnace gas

Carburetted gas

Sewer gas.
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1.3.1.1, Bolid fuels

Conl. Itg main congtituents are carbon, hydrogen, oxygen, nitrogen, sulphor, moisture and
nsh. Cpal passes through different sioges during its formation from vegetation. These stages are
enumerated and discussed below :

Filant debris-Peat-Lignite-Brown coal-Sub-bitnminous coal-Bitmminons coal-Semi-bituminous
coad-Semi-anthrocite coal-Anthracite roal-graphite.

FPeat. It is the firat stage in the formation of coal from wood, It contains buge amount of
moisture and therefore it s dried for about 1 to 2 months before it is put to use. It ie used as =
damestic fizal in Furaps and for pewer peneration in Russia, In India it does not come in the catego-
riea of good foels, x

Lignites and brown coals. These are intermediate elages between peat and oeal, They
have a woody or often a clay Hke appearance asgocinted with high moisture, high ash and low heat
contents. Lignites are wsually amorphous in character and impose transpert difficulties as they
break easily. They burn with & emoky flame. Sorme of this type are snitable for local vse only,

Bituminous coal. It burns with long yellow and smoky fames and has high percentages of
vaolstile matter. Tha sverags calorific value of bituminous cosl is about 31350 kg, It may be of teros
types, namely caking or non-caling.

Semi-bituminous coal, It iz softer thao the anthracite, It burns with a vers small amount
of amoke, Tt containg 15 to 20 per eent volatile matter and has & tendency to break into emall sizes
during storsge or transportation.

Semi-anthracite. Ik has less fixed carbon and less lustre as compared to frue anthracite and
gives out looger and more laminous fames when burnt.

Anthracita. Tt & very hard cool and hos o shining block lustre. It ignites slowly unleas the
furnace temperature is high, It is non-caking and has high percentage of fixed carbon. It burns
cither with very short blue flames or without flames. The calorific value of this fuel is high to the
fune of 36500 kJkg and as swch i% very suttable for steam generation.

Wood charcoal. Tt is obtained by destructive distilation of woed, During the process the
volatiln matter and water are expelled. The phyzical properties of the residus (charesal) however,
depends upon the rate of heating and temperature.

Coke. It consista of carbon, mineral matter with about 2% sulphur and small guantities of
hydrogen, nitrogen and phosphorus. It is solid residue left after the destructive distillation of cer-
tain kinds of coala, It is smokelens and clear fuel and can be produced by several processes. [t is
mainly used in blast furnace to produce heat and at the same time to reduce the iron ore.
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Brigueites. These are prepared from fine coal or coke by compressing the material wnder
high pressure,

Analyveis of coal :

The following two types of analysis i done oo the coal
1. Proximate analysis.

2. INtimate analysts.

1. Proximate analysis. In this analysis, (ndividual elements are rof defermined ; only the
percentiage of modgiare, valatile matiers, fixed corbor and osh are defermined,

Ezample. Moigture = 4.5%, volatile mattor = 5.5%, fixed carbon = 20,5%.

‘Thia type of analyria ia easily done and is for commerecind purposes only.

2, Ultimate analysis In the uliimate analysis, the percentage of various slements are de-
termined.

Ezample. Carbon = B0, hydrogen = 2%, oxygen = 4%, nitrogen = 1%, sulphur = 16% and
nsh = 1.6%.

This type of analyzis is vseful for combustion coleulations.

Propertias of coal :
Important properties of cool are given balow :
1. Engrgy content or heating value,
2. Sulphuor content.
3. Burning characteristics.
4. Grindability.
&, Weatherahility,
&. Ash softening temperature.
A good eoal should hove :
i£) Low nsb content and high calorific valoe.
i} Small percentage of pulphur (less than 1%,

(Ee) Good burning characteristics (e, should burn fresly without agitation) so that combus-
thom will b complete.

[ip} High grindability index (in case of ball mill grinding).
(o) High weatherability.
Ranking of coal

ASME and ASTM have ascepted a specification based on the fixed carbon and heating valus
of thie mineral matter free analysis.

# Higher renling iz done oo the basis of fxed carbon percentage (dry basis).
# Lower ranking is dong on the beating value on the moist basis,
Eszample. 62% C and a ealorific value of 5000 kealkg is ranked as (62—500) rank.

Rank iz an inherent property of the fuel depending upen its relative progression in the clas-

Grading of coal :

Grading is done on the Doilowing basis :
i) Bize (&) Heating valua

(iii) Ash content v} Ash softening tempersture
(o) Bulphur content.

NAME-RIZWANA SULTAN
DESIGNATION-Guest Faculty
Mechanical Engineering Department




Example. A grade written as 5—10 ¢, S000-AB-F24-81.8 indicats the conl as having -
g gize of 5=10 om,

—heating value of 5000 kealkg,

—8 to 10% ash,

—ash softening temperature of 2400—2580°F, and

—a sulphur content of 1.4 bo 1,6%.

Arank and grade of & coal gives a complets report of the material. Thus the following are the
rank and grade of the coal described above :

{62—500), 5—10 em, 600-AB-F24-31.8.

1.3.1.3. Liguid fuels
The chief source of liquid faels is petroleum which is oblained from wells under the earth's
mLﬂmﬁﬂ;Mwmﬂmmmhm to sold furls in the following respects.

Advantages :

L. Bequire less spoce for storage.

2 Higher calorific value.

3. Essy control of consumption.

4, Btaff economy.

5. Absence of dangor from spontaneons combustion.
8. Easy handling and transportation,

7. Cleanliness.

B. No ash problem.

9, Non-deterieration of the il in slorage.

Petrolawm. Thare are different opinions regarding the arigin of petroleum. However, now it
i8 acenpted that petroleum has originated probably from organic matter like fish and plant life ste.,
by bacterial action or by thelr distillation under pressure and heat, Ik consiste of a mixbure of gases,
liguids and solid hydrocarbons with emall amounts of nitrogen and sulphur compounds. In India the
main goarces of petrolenm are Assam and Gujarat,

Heavy fuel oil or crude oil s imporied and then refined at differant refineries. The refining of
crude oil supplies the most impertant product called peirol. Petrol can also be made by polymeriza-
tion of refinery gases,

Other liquid fuals are kerosene, fuels oils, colloidal fuals and aleohol.

The following table gives composition of some common Hguid fuels used in terma of the ale-
ments in weigh! percendage.
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Important propectics of liguid fuels :

(1) Specific gravity {2) Flash point
(3) Fire point {4} Volatility
(5) Pour point (6] Viscosity
17} Carbon residus (8] Oetane number
(9} Cotans number (10} Corrosive property
(11} Ash content (12} Gum content
i 13) Heating value {14} Sulpbur conbent.

The requisite properties vary from devize to devies which uses the fuel to generate power. For
example, higher the octane number, higher can be the compresgion rofis and the thermesl efficiency
wiill be higher. Bimilarly, the cefane number of a diese! oil should be az high os possible,

In general the liguid fuels should have :
(£} Low nsh contont (i) Migh heating value
() Low gam content (i) Less corrosive tendency
() Low sulphur contant (vi] Low pour poink.
Viscosity and other properties vary from purpose to purposs to which the fael is employed.
1.8.1.3. Gaseous fuels

Natural gas. The main constituents of natural gas are mathene (CH,} and ethane { LIE
has calorific value nearly 21000 kJ/m?. Natural gas is used alternataly or gimultancously with oil
for internal combustion engines,

Coal gas. This pas maknly consists of hydrogen, carbon monoxide and hydrocarbons, It is
prepared by carbonisation of coal. It finds its use in boilers and sometimes used for commercial
pUIpOseE.

Coke-oven gaa. [t is obtained during the production of coke by heating the bituminous eoal.
Thevolatile comtent of coal is driven off by beating and mejor portion of this gas 15 utilised in heating
the ovens. This gas must be theroughly filtered before using in gas engines,

Blust furnace pas. It is oblained from smelting operation in which air is forced through
layers of coke and iron ore, the example being that of pig iron manufacture where this pas 19 prd-
duead az by product and contains aboot 20% carbon monoxide (C0). After fltering it may ba blondad
with richer gae or used in gas engioes directly, The heating value of this gas ia very low.,

Producer gas. [t results from the partial oxidation of eosl, coke or peat when they are burnt
with an insufficlent quantity of air. It is produced in specially desipned retorts. It has low hesting
value and in general is suitable for large installations. It is also wsed in ateel industry for fring open
hearth furnaces.

Water or lluminating gas. It iz preduced by blowing steam into white hot coke or coal. The
decomposition of steam takes place liberating free hydrogen and oxygen in the steam combines with
carboo to form carbon mopsadde according to the reaction

C+H,0—CO+H,

The gas composition varies 8 the hydrogen content if the coal ks used.

Sewer gas. It is cbtained from sewage disposal vats in which fermentation and decay cecur.
It congiats of mainly marsh gas (CH,) and is collected at large dispogal plants. It warks as a fuel for
gas engines which is furn drive the plant pumps and agitators.

Gaseous fuels are becoming popular becavge of following adusntages they passess :

Advantages
1. Better eontral of combastion,
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2. Much less excess air is needed for complete combustion,

3. Ecomwomy in fuel and more effidency of furnace oparation.

4, Basy maintenance of oxidizing or reducing atmosphere,

4. Cleanliress,

6. Mo problem of staragze if the supply ie available from pobbie supply line.

7. The distribution of pasecws fuels even over & wide area i essy through the pipe lines and
a5 such handling of the fuel is altosether eliminated. Gaseous fusls give economy of hest and pro-

duce higher tamperatures as they can b preheated in regenerative furnaces and thoes beat from bot
flue gases can be recoverad.

Important properties of gasecns fuels :
1. Heating valoe or ealorifie value.

2. Viscosity,

3. Specific gravity.

4. Density.

5. Diffusibility.

Typical composition of some goscous fuels is given below :

Puel H, €O CH CH_ CH CH 0, €0, X,
Notural gos - 1 3 — 3 — — — 3
Cond gas B3.6 a0 Z5 — —_ a 0.4 a &
Blast firnece gas 2 27 — - — — — 11 —

1.8.1.4. Calorific or heating values of fusls

The calorific value of the fuel iz defined o5 the energy liberated by the compliete oxidotion of
a unit mass or volume ofa fieed, Ttis pepressed In kg for solid and liguid foels and Liim® for pases.

Fuels which contain hydrogen have bwo calerlflic values, the &igher and the lower, The Tower
colorge value’ B the heat liberated per kg of fuel after deduocting the hoat necessary to vaporise the
steam, formed from hydrogen, The higher or gross colorific value’ of the fuel is one indicated by o
eonatani-polume ealorimeter in which the steam is condensed and the haet of popour iz recovered .

The lower or nek calorific value is cbiained by subtracting latent heat of water vapour from
groes calorific value, In ether words, the relation between Lower Calorific Value (L.CV. b and Higher
Calorifie Value (HLC.V.) can be expressed in the following way :

LEV. =(HCV, —24B0m ) w11}
where m,, is the mass of water vapour produced by combustion of 1 kg of fuel and 2465 kg is the
Lakent heat corresponding to standard temperatore (saturation) of 15°C,

I MES units:
LCV.=(HCV.-688.T6m,}
where m,,, is the mass of water vapoor produced by combuation of 1kg of fuel and 568.76
ia the latent hoat value in keal as road foom steam tables for 1hg of water vapour
Dulong's formula (SolidMiguid fules). Dulong suggested a formuola for the calculation of

the calorific value of the solid or ligoid fusls feem their chemicsl composition which i3 as given
balow :

Gross ealorific valun,
1

oW, =
i 166

[ESEIJL'I- C 4+ 144000 [H —%] + 820 S] ke ALY
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In MEE unita:

H.O.V. =T;_u[mmu+mm[n_§]+ms keal / kg

where O, H, 0 and 3 ore carbon, hydrogen, axygen and sulphur in pereentages raspectively in 100 kg
of fuel. In the above formuls, the oxygen is assumed to be in combination with hydrogen and enly

extra surplus hydrogen aupplies the necessary heat.
1.3.9. Energy Btored In Water

The energy contained in flowing streams of water is a form of mechanical ensrgy. It may
exist as the kinetic energy of a moving stream or as potential energy of water al some
elevation with respeet to a lower daturn level, an example of which would be the water
beld behind a dam. Fydraulic plonts aro slowly inereaging in number, alihough the member
af mew plants of this type built is quits amall compared with those which exploit heat
energy. As musoal thing, the most desirable hydroelectric sites are the firet to ba utilized,
consequently, as more hydroelectric plants are built, the owners must pay increasingly
higher development costs.

From the stand point of capitalistic economics, it is often hard to justify the development
of hydrocleetrie power in comparison with stesm power, but from the stand polot of the
consarvation of a fived natural rescurce, namaly, its mineral fuels, it in obvious that every
effort shoold ba made to karmess the water power of the country, since if unharnessed it
goas to waste, whersas foel, if unmined, remaing intact and undimindshed in value in the
ground.

Water power 18 quite cheap where water iz avallable in abundance. Although capital cost
af hydroelectric power plants iz higher as compared to other types of power plantys yet their
aperaling cosis are giite [oeo,

1.3.3. Nuclear Energy
- ﬂn-nnfthu-nnl:ﬂ.lnﬂingﬁmmtnuﬂtummiﬁthmummnflwﬂm}mnEt

refeased from o srmall mass of aefive moterial Complete Gssion of one kg of wranivm eon-
taina the ererpy equivalent of 4500 tannes of coal or 2000 tonnee of oil. The reclear power
i5 ot only oosilable in abendaenee but @t s cheaper than the porer ganerated by conven-
tinngl sourees,

The following factors go in farour of nuclear energy ©

(1) Practically independent of geographbcal factora.

(i) No combustion produocts,
{£d) Clean sourse of power which does not contribute to air pallution.
{ie] Fuel L:tnrpb.rtaﬁm nebworks and Ln.!'gu storaga focilitios not rlq'niml;l.

® The economic advantape of nuclear power ean be realised only if one can ensure 8 guaran-

teed base load of about T5%. The number of alestro-chemical processes (fertiliser plantal,
desalination of water and use of alectricity for pumping water from tube wells assure a
constant base load. Therefore, such type of power requirements must be developed before
the adoption of nuclear poveer in the country

1.3.4. Wind Power
# The man has been served by the power from winds for many centories but the total amount

of energy generated in this manner is small, The expense of inatallation and variability of
operation have tended to [imif tho use of the windmill to intermittent sarvicea where its
warteble cutpied has no serious dizssdvantage. The principal services of this nature are the
pumping of water info storage tanks and the charging of slorage batteries.
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o Windmill power equipment may be clossified as follows ;

1. The multi-bloded turbine wheel, This is the foremost type in use and its efficiency is
abeut 10 per cent of the kinetic energy of the wind pazeing through it

2. The high-speed propetler type.

3. The rotor,

# The propeller and rotor types are suitable for Hhe generalion of electrical energy, as both of
tham possess the ability to start in very low winde, The Propeller fype i5 more fkely fo be
used in smiall units such a9 the driving af small battesy eharging generators, whereas the
rotor, which is rarely seen, is more practical for lorge (refallations, even of several hun-
drod kilowatts® caparcity.

# In india, the wind velocity along ecastline has o range 10-16 kmph and a survey of wind
power has rovealed that wind power is capable of exploitation for pumping water from
desp wells or for penerating small amounts of electric enargy.

Modern windmills are capable of working oo velocities as low az 3-7 kmph while maximam

efficdency & atialined af J0-12 kmpi

o A normal working life of 20 to 25 years is estimated for windmills,

# Thea great sdvantage of this source of energy bs thal ro operaior (s needed and o malnile-
nance and repairs are necessory for long interuals,

Characteristics of wind power/energy. Some characteristios of wind energy are given

balow

1. Na fiecl provision and transport are required in wind energy systems,

2. It is a renewable source of energy.

3. Wind pewer systems are non-palluting,

4, Wind power systems, upto o few KW, are less costly, but on & large scele, cosks can be

competitive with conventional electricity, Lower costs can be achisved by mass production.

Problems associated with wind energy :
1. Wind energy systems are noisy in aperation,
2. Large areas are needad to install wird farms for alectrical power generators.

A Wind energy available 18 delete and Suctuating in nefure, Because of dilute form, conver-
sion machines have ta be necessarily large.

4. Wind energy needs storage means because of its irmegularity.
1.3.6. Solar Energy

& A lot of work to utilise solar energy for peneration of steam has been done in some coun-
triea, and it is likely that this eould be deweloped on commersind scale,

# A serious fault of this sourcs of eoergy 18, ol canrse, that it la effective only during the doy,
6o that if' o continusus cutput is needed, somea large reservoir of energy, such as a storage
battery o o heat acturmuolator tank, must be drawn upon at alght. Ales, the sutput i
handicapped if there is cloudy weather. Mevartheless, there are some locations in the
world where strong sclar eadiation is received very regularly, and where the sources of
mineral fizel are either scanty or entirely lacking. Such locations offer more interest to tha
solar power plant batlder than the more favoured regioos af oarth.

# For developing solar energy fwo ways have been sxplored iz, the gloss lens and the
reflector, These devices concentrate the solar roys to & foral point which is characterised
by m high degree of heat which can be utilised o beil water and generate steam. The
reflector ia the better of the two methods due to the coavenienee with which it can be
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manufactured in different shapes end aizes. If an arrangement is provided to turn the
reflector with the sun, g0 that the rove can constantly concentrate at the foecd point, &
continuous supply of heat is made available during the hours of the day. However, a graagt
deal of practical ressarch iz still necesaary before the rolar energy can be commercinlly
exploited af a cheaper rate.

& Conditions for utilization of solar energy, in India, are favourable since for nearly six
maonths of the year sunszhine iz uninterrupted during the day, while in the other aix montha
cloudy weather and rain provide conditions suitable for water power. Thus, 3 coordine.-
tion of solar energy with water power can provide o workable plan for most places in India.

L.3.8. Tidal Power

# The rise and fall of tides offers 8 mesnsg for storing water at the rige and discharging the
game &t fall. Of course the head of water available under such cases is very low but with

increased catchment area congidarable amounts of power can be generated at a negligible
chat,

Fig, 1.1, Greneration of power by tides.

& The use of tides for electric power generation is practical in a faw favourably situated
gites where the geography of an inlet of bay favours the conatruction of a large scala
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hydrosleciric plant. To harness the tides, a dam would be built across the mooth of the
bay in which large gates and low head hydraulic turbines weuld be installed. At the time
nfhi,gh tide 'Ehl:_.ﬂ:u ETE npmur] and after lh:l'i.TIl‘ wiber in the tidal hasin the pates are
closed. After the tide has recided, there i 5 working hydraulic head between the basin
water and open ses'ocenn and the water is allowed to flow back to Ehe sea through water
turbines installed in the dom. With this type of arrsngement, the generstion of electric
power i nof confinuous. However by using reversible water turbine the turbine can be
run continuously a8 shown in Fig, 1.1,

1.4.7. Geothermal Energy

In many pleces on the earth natural gtesm escapes fram surfeee vents. Soch natural steam
wells sugpest the poesibility of tapping terrestrial heat (or gesthermal energy) in this form and
weing it for the development of power. Unfortunataly, the lcations whers the steam-producing sub-
girata seam to be fairly closa to the surface arve far removed from centres of civilization where the
power could be usefully amployed. Neverthaless, there are probably many places where, although no
natural steam vent or hot springs are showing, deep drillings might tep a source of undorground
stenm. The cost of such explorstions and the great Hkelibhood of an tunsoecessful conclusion are not
very eonductive to explaitation of this souree of energy.

There are twe were of eleetrie power production from geothermal energy :

(£} Heat enorgy is transferred to a working fluld which operates the power eyele. This may ba
particularly usefil at places of fresh volcanic activity where the molten interior mass of earth vents
to the gurfaes through flsseres and substantially high temperatures, such as betwean 450 to BE0°C
ean be found. By embedding coil of pipes and sending water through them steam can boe rafeed.

(i) The hot geothermal water and/or steam is used to operate the turbines diractly. From the
well-head the steam is transmitted by pipelines upto 1 m in dismeter over distances opto about
3 o to the power station. Water separators are usually employed to geparate moisture and solid

particles from steam.
Jaf eondarmar
'I:-‘uuling
wamter i Walar sepamaior
Staam :l'.(_ll
(Gemeralor
Contensals 4 - Dry/at
{for local wsa) T sheam
TP IFIrIar
Gaothermal zons T

Fig. 1.2. Qeothermnl power plant.
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Presently, only steam coming out of the ground is used to geneérate electricity, the hot water
ia digcarded, beceuge it containg a3 much as 309 diesolved saltz and minerala, and these cpugs

morioun rust damage to the turbine, The water, however, containg more than grd of the available
thermal energy.

1.4.8. Thermo-electric Power

Actording to Seebeck effect, when the two ends of a loop of two dissimilar metals are held at
different temperatures, an electromotive force is develeped and the current flows in loop, This method,
by selection of suitable materials, can ales be used for power genaration. Thia method lnvolves low
inifial eost and negligible operafing cost.

Layouts of power plants

1. Steam power plant
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3. Diesel power plant

LAYOUT OF DIESEL POWER PLANT:
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A
LAYOUT OF MHD POWER PLANT
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Open cycle gas turbine
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1-  Atmospheric Air
2- Compressed Atmospheric Air
3~ Fuel wir mixture after compression

4- Exhaust gases,

Closed gas turbine cycle
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1-  Low Pressure Working Fluid @ Low temperature

1. High Pressure Working Fluid
3= Fuel + Working Fluid mixiure @ High Pressure and Temperature
4-  Low Pressure Working Flisid @ Temperature T4 < Temperature T3
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Combined cycles
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STEAM POWER PLANTS:

A thermal power station is a power plant in which the prime mover is steam driven.
Water is heated, turns into steam and spins a steam turbine which drives an electrical generator.
After it passes through the turbine, the steam is condensed in a condenser and recycled to where
it was heated; this is known as a Rankine cycle. The greatest variation in the design of thermal
power stations is due to the different fuel sources. Some prefer to use the term energy center
because such facilities convert forms of heat energy into electricity. Some thermal power plants
also deliver heat energy for industrial purposes, for district heating, or for desalination of water
as well as delivering electrical power. A large proportion of CO»> is produced by the worlds

fossil fired thermal power plants; efforts to reduce these outputs are various and widespread.

LAYOUT OF STEAM POWER PLANT:
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The four main circuits one would come across in any thermal power plant layout are
- Coal and Ash Circuit

- Air and Gas Circuit

- Feed Water and Steam Circuit

- Cooling Water Circuit
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Coal and Ash Circuit

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

Air from the atmosphere is 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 is removed before
it enters the combustion chamber of the thermal power plant layout. The exhaust gases from
the combustion heat the air, which goes through a heat exchanger and is finally let off into the
environment.
Feed Water and Steam Circuit

The steam produced in the boiler is supplied to the turbines to generate power. The
steam that is expelled by the prime mover in the thermal power plant layout is then condensed
in a condenser for re-use in the boiler. The condensed water is forced through a pump into the
feed water heaters where it is 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 layout, feed water is supplied through external sources. Feed water is
purified in a purifying plant to reduce the dissolve salts that could scale the boiler tubes.
Cooling Water Circuit

The quantity of cooling water required to cool the steam in a thermal power plant layout
is significantly high and hence it is 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 is passed through the condenser where the steam is 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 is 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 maintaining a low pressure in the condenser all throughout.

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

electricity to meet our needs.
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Advantages
# Generation of power is continuous.
# Initial cost low compared to hydel 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.

Disadvantages

#» Long time required for installation.

# Transportation and handling of fuels major difficulty.

= Efficiency of plant is less.

= Power generation cost is high compared to hydel power plant.

# Maintenance cost is high.

HYDEL POWER PLANTS

Hydroelectric power plants convert the hydraulic potential energy 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 hydroelectric
plant.

LAYOUT OF HYDEL POWER PLANT:
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(1) 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 is diverted to turbines in power
stations. The dams collect water during the rainy season and stores it, thus allowing for a steady
flow through the turbines throughout the year. Dams are also used for controlling floods and
irrigation. The dams should be water-tight and should be able to withstand the pressure 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 in the dam is called head race.

(2) Spillway

A spillway as the name suggests could be called as a way for spilling of water from
dams. It is used to provide for the release of flood water from a dam. It is used to prevent over
toping of the dams which could result in damage or failure of dams. Spillways could be
controlled type or uncontrolled type. The uncontrolled types start releasing water upon water

rising above a particular level. But in case ofthe controlled type, regulation of flow is possible.

(3) Penstock and Tunnels

Penstocks are pipes which carry water from the reservoir to the turbines inside power
station. They are usually made of steel and are equipped with gate systems. Water under high
pressure flows through the penstock. A tunnel serves the same purpose as a penstock. It is used

when an obstruction is present between the dam and power station such as a mountain.

(4) Surge Tank

Surge tanks are tanks connected to the water conductor system. It serves the purpose of
reducing water hammering in pipes which can cause damage to pipes. The sudden surges of
water in penstock is taken by the surge tank, and when the water requirements increase, it

supplies the collected water thereby regulating water flow and pressure inside the penstock.

(5) Power Station
Power station contains a turbine coupled to a generator. The water brought to the power
station rotates the vanes of the turbine producing torque and rotation of turbine shaft. This

rotational torque is transferred to the generator and is converted into electricity.
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The used water is released through the tail race. The difference between head race and

tail race is called gross head and by subtracting the frictional losses we get the net head

available to the turbine for generation of electricity.

Advantages

.

-~

-~

F

-~

Water the working fluid is natural and available plenty.
Life of the plant is very long.

Running cost and maintenance are very low.

Highly reliable.

Running cost is low.

Maintenance and operation costs are very less.

No fuel transport problem.

No ash disposal problem.

Disadvantages

~

~

F

~

Initial cost of plant is very high.
Power generation depends on quantity of water available which depends onrainfall.
Transmission losses are very high.

More time is required for erection.

DIESEL POWER PLANTS

Diesel power plants produce power from a diesel engine. Diesel electric plants in the

range of 2 to 50 MW capacities are used as central stations for small electric supply networks

and used as a standby to hydroelectric or thermal plants where continuous power supply is

needed. Diesel power plant is not economical compared to other power plants.

The diesel power plants are cheaply used in the fields mentioned below.

1. Mobile electric plants

2. Standby units

3. Emergency power plants

4. Starting stations of existing plants

5. Central power station etc.
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LAYOUT OF DIESEL POWER PLANT:
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Figure shows the arrangements of the engine and its auxiliaries in a diesel power plant.
The major components of the diesel power plant are:
1) Engine
Engine is the heart of a diesel power plant. Engine is directly connected through a gear box to
the generator. Generally two-stroke engines are used for power generation. Now a days,
advanced super & turbo charged high speed engines are available for power production.
2) Air supply system
Air inlet is arranged outside the engine room. Air from the atmosphere is filtered by air filter
and conveyed to the inlet manifold of engine. In large plants supercharger/turbocharger is used
for increasing the pressure of input air which increases the power output.
3) Exhaust System
This includes the silencers and connecting ducts. The heat content of the exhaust gas is utilized
in a turbine in a turbocharger to compress the air input to the engine.
4) Fuel System
Fuel is stored in a tank from where it flows to the fuel pump through a filter. Fuel is injected to

the engine as per the load requirement.
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5) Cooling system
This system includes water circulating pumps, cooling towers, water filter etc. Cooling water
is circulated through the engine block to keep the temperature of the engine in the safe range.
6) Lubricating system
Lubrication system includes the air pumps, oil tanks, filters, coolers and pipe lines. Lubricant
is given to reduce friction of moving parts and reduce the wear and tear of the engine parts.
7) Starting System
There are three commonly used starting systems, they are;

1) A petrol driven auxiliary engine

2) Use of electric motors.

3) Use of compressed air from an air compressor at a pressure of 20 Kg/cm.
8) Governing system

The function of a governing system is to maintain the speed of the engine constant irrespective

of'load on the plant. This is done by varying fuel supply to the engine according to load.

Advantages
# Diesel power plants can be quickly installed and commissioned.
# Quick starting.
~ Requires minimum labour.
# Plant is smaller, operate at high efficiency and simple compared to steam power plant.

# It can be located near to load centres.

Disadvantages
= Capacity of plant is low.
# Fuel, repair and maintenance cost are high.
= Life of plant is low compared to steam power plant.
# Lubrication costs are very high.
# Not guaranteed for operation under continuous overloads.
# Noise is a serious problem in diesel power plant.

# Diesel power plant cannot be constructed for large scale.

NAME-RIZWANA SULTAN
DESIGNATION-Guest Faculty
Mechanical Engineering Department




NUCLEAR POWER PLANTS

Nuclear power is the use of sustained or controlled nuclear fission to generate heat
and do useful work. Nuclear Electric Plants, Nuclear Ships and Submarines use controlled
nuclear energy to heat water and produce steam, while in space, nuclear energy decays naturally
in a radioisotope thermoelectric generator. Scientists are experimenting with fusion energy for
future generation, but these experiments do not currently generate useful energy.

Nuclear power provides about 6% of the world's energy and 13—14% of the world's
electricity, with the U.S., France, and Japan together accounting for about 50% of nuclear
generated electricity.

Also, more than 150 naval vessels using nuclear propulsion have been built. Just as
many conventional thermal power stations generate electricity by harnessing the thermal
energy released from burning fossil fuels, nuclear power plants convert the energy released

from the nucleus of an atom, typically via nuclear fission.

LAYOUT OF NUCLEAR POWER PLANT:
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NUCLEAR REACTOR

A nuclear reactor is an apparatus in which heat is produced due to nuclear fission chain

reaction. Fig. shows the various parts of reactor, which are as follows:

1. Nuclear Fuel

2. Moderator

3. Control Rods

4. Reflector

5. Reactors Vessel

6. Biological Shielding

7. Coolant.
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1. Nuclear Fuel

Fuel of a nuclear reactor should be fissionable material which can be defined as an
element or isotope whose nuclei 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 U?**,

U? and Pu®®°.

Naturaluranium found in earth crust contains three isotopes namely U*4, U2% and U?*

Nuclear reactor

and their average percentage is as follows:

U»8-99.3%
U™ -0.7%

U?*- Trace
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2. Moderator

In the chain reaction the neutrons produced are fast moving neutrons. These fast moving
neutrons are far less effective in causing the fission of U235 and try to escape from the reactor.
To improve the utilization of these neutrons their speed is reduced. It is done by colliding them
with the nuclei of other material which is 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 is called Moderator.
The slow neutrons (Thermal Neutrons) so produced are easily captured by the nuclear fuel and
the chain reaction proceeds smoothly. Graphite, heavy water and beryllium are generally used
as moderator

3. Control Rods

The Control and operation of a nuclear reactor is quite different from a fossil fuelled (coal or
oil fired) furnace. The energy produced in the reactor due to fission of nuclear fuel during chain
reaction is so much that if it is not controlled properly the entire core and surrounding structure
may melt and radioactive 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 cadmium. 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

ofreaction is controlled by shifting control rods which may be done manually or automatically.

4. Reflector
The neutrons produced during the fission process will be partly absorbed by the fuel
rods, moderator, coolant or structural material etc. Neutrons left unabsorbed will try to leave
the reactor core never to return to it and will be lost. Such losses should be minimized. It is
done by surrounding 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 beryllium.
5. Reactor Vessel
It is a. strong walled container housing the cure of the power reactor. It contains

moderator, reflector, thermal shielding and control rods.
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6. Biological Shielding
Shielding the radioactive zones in the reactor roan possible radiation hazard is essential
to protect, the operating men from the harmful effects. During fission of nuclear fuel, alpha
particles, beta particles, deadly gamma rays and neutrons are produced. Out of these gamma
rays are of main significance. A protection must be provided against them. Thick layers of lead
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.
7. Coolant
Coolant flows through and around the reactor core. It is used to transfer the large
amount of heat produced in the reactor due to fission of the nuclear fuel during chain reaction.
The coolant either transfers its heat to another medium or if the coolant used is water it takes

up the heat and gets converted into steam in the reactor which is directly sent to the turbine.

Advantages

# Need less space.
~ Fuel consumption is small, hence transportation and storage charges are low.

Well suited for large power demands.

k|

# Less work men required.

Disadvantages
# Capital cost very high.

# Radioactive wastes, if not disposed properly have adverse effect on environment.

# Maintenance cost high.

GAS TURBINE POWER PLANTS

A gas turbine, also called a combustion turbine, is a type of internal combustion engine.
It has an upstream rotating compressor coupled to a downstream turbine, and a combustion
chamber in-between.

Energy is added to the gas stream in the combustor, where fuel is mixed with air and
ignited. In the high pressure environment of the combustor, combustion of the fuel increases
the temperature. The products of the combustion are forced into the turbine section. There, the
high velocity and volume of the gas flow is directed through a nozzle over the turbine's blades,
spinning the turbine which powers the compressor and, for some turbines, drives their
mechanical output. The energy given up to the turbine comes from the reduction in the
temperature and pressure of the exhaust gas.
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LAYOUT OF GAS TURBINE POWER PLANT

The gas turbine power plants which are used in electric power industry are classified into two
groups as per the cycle of operation.

(1) Open cycle gas turbine.

(2) Closed cycle gas turbine.

Open cycle gas turbine

FUEL

COMBLSTOR

TUABINE

1- Atmospheric Air
2- Compressed Atmospheric Air
3- Fuel air mixture aftercompression

4- Exhaust gases.

The heated gases coming out of combustion chamber are then passed to the turbine where
it expands doing mechanical work. Part of the power developed by the turbine is utilized in
driving the compressor and other accessories and remaining is used for power generation.

Since ambient air enters into the compressor and gases coming out of turbine are exhausted
into the atmosphere, the working medium must be replaced continuously. This type of cycle is
known as open cycle gas turbine plant and is mainly used in majority of gas turbine power

plants as it has many inherent advantages.

Advantages

1. Warm-up time is very less.

2. Low weight and size.

3. Almost any hydrocarbon fuels can be used.

4. Open cycle plants occupy comparatively little space.
6. Very economical when compared to other plants.

7. Independent of separate cooling medium.
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Disadvantages
1. The part load efficiency of the open cycle plant decreases rapidly as the considerable

percentage of power developed by the turbine is used to drive the compressor.

2. The system is sensitive to the component efficiency; particularly that of compressor.

3. The open cycle plant is sensitive to changes in the atmospheric air temperature, pressure and
humidity.

3. The open-cycle gas turbine plant has high air rate compared to the other cycles.

4. Tt is essential that the dust should be prevented from entering into the compressor.

5. The deposition of the carbon and ash on the turbine blades is not at all desirable as it also

reduces the efficiency of the turbine.

Closed cycle gas turbine

wﬂ-bl:
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1 TLARBINE

HEAT
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1- Low Pressure Working Fluid @ Low temperature

2- High Pressure Working Fluid

3- Fuel + Working Fluid mixture @ High Pressure and Temperature
4- Low Pressure Working Fluid @ Temperature T4 < Temperature T3

In closed cycle gas turbine plant, the working fluid (air or any other suitable gas) coming
out from compressor is heated in a heater by an external source at constant pressure.

The high temperature and high-pressure air coming out from the external heater is passed
through the gas turbine. The fluid coming out from the turbine is cooled to its original

temperature in the cooler using external cooling source before passing to the compressor.
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The working fluid is continuously used in the system without its change of phase and the

required heat is given to the working fluid in the heat exchanger.

Advantages

1. The closed cycle plant is not sensitive to changes in the atmospheric air temperature, pressure
and humidity.

2. The closed cycle avoids erosion of the turbine blades due to the contaminated gases and
fouling of compressor blades due to dust.

3. The need for filtration of the incoming air which is a severe problem in open cycle plant is
completely eliminated.

4. Load variation is usually obtained by varying the absolute pressure and mass flow of the
circulating medium, while the pressure ratio, the temperatures and the air velocities remain
almost constant.

5. The density of the working medium can be maintained high by increasing internal pressure
range, therefore, the compressor and turbine are smaller for their rated output. The high density
of the working fluid further increases the heat transfer properties in the heat exchanger.

6. As indirect heating is used in closed cycle plant, the inferior oil or solid fuel can be used in
the furnace and these fuels can be used more economically because these are available in
abundance.

8. The maintenance cost is low and reliability is high due to longer useful life.

Disadvantages

1. The system is dependent on external means as considerable quantity of cooling water is
required in the pre-cooler.

2. Higher internal pressures involve complicated design of all components and high quality
material is required which increases the cost of the plant.

3. The response to the load variations is poor compared to the open-cycle plant.

4. Tt requires very big heat-exchangers as the heating of workings fluid is done indirectly.
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MAGNETO HYDRO DYNAMIC (MHD) POWER PLANTS

MHD power generation is a new system of electric power generation which is said to
be of high efficiency and low pollution. In advanced countries MHD generator are widely used
but in developing countries like India it is still under construction. This constructionwork is in
progress at Tiruchirapalli in Tamilnadu under joint efforts of BARC (Bhabha Atomic Research
Centre), BHEL, Associated Cement Corporation and Russian technologists.

As its name implies, magneto-hydro-dynamic (MHD) is concerned with the flow of
conducting fluid in presence of magnetic and electric field. This fluid may be gas at elevated
temperature or liquid metal like sodium or potassium.

A MHD generator is a device for converting heat energy of fuel directly into electric
energy without a conventional electric generator. The basic difference between conventional
generator and MHD generator is in the nature of conductor.

Principle of MHD Power Generation

Continuous

Direction of induced glectrede

EMF
& Directicn of magnetic flux
density
a0"
— Expandi
o Electro Fﬁdust ng
magnets
=iy
Direction of conducting
field flow Oq,-
(S
&®
&%q@vb@

When an electric conductor moves across a magnetic field; an emf is induced in it,
which produced an electric current. This is the principle of the conventional generator also,
where the conductors consists of copper strips.

In MHD generator the solid conductors are replaced by a gaseous conductor; i.e.an
ionized gas. If such gas is passed at high velocity through a powerful magnetic field, a current
is generated and can extract by placing electrodes in a suitable position in the stream.
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LAYOUT OF MHD POWER PLANT
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A MHD conversion is known as direct energy conversion because it produces electricity
directly from heat source without the necessity of the additional stage of steam generation as
in a steam power plant. An ionized gas is employed as a conducting field. [onization is produced
either by thermal means i.e. by an elevated temperature or by seeding with substance like
cesium or potassium vapour which ionize at relatively low temperature.

The atom of seed element split off electrons. The presence of negatively charge

electrons make the carrier gas an electrical conductor.

Advantages

1. Large amount of power is generated.
No moving parts, so more reliable.

Closed cycle system produces power, free of pollution.

2.
3.
4. Ability to reach its full power as soon as started.
5. Size of the plant is considerably small.

6. Low overall operation cost.

7.

Better utilization of fuel.

Disadvantages
1. Needs very large magnets (high expensive).
2. Very high friction and heat transfer losses.
3. It suffers from the reverse flow of electrons through the conducting fluids around theends
of the magnetic field.
NAME-RIZWANA SULTAN

DESIGNATION-Guest Faculty
Mechanical Engineering Department




COMBINED POWER CYCLES

In electric power generation a combined cycle is an assembly of heat engines that work
in tandem off the same source of heat, converting it into mechanical energy, which in turn
usually drives electrical generators. The principle is that the exhaust of one heat engine is used
as the heat source for another, thus extracting more useful energy from the heat, increasing the
system's overall efficiency. This works because heat engines are only able to use a portion of
the energy their fuel generates (usually less than 50%).

The objective of this approach is to use all of the heat energy in a power system at the different
temperature levels at which it becomes available to produce work, or steam, or the heating of
air or water, thereby rejecting a minimum of energy waste. The best approach is the use of
combined cycles. There may be various combinations of the combined cycles depending upon
the place or country requirements. Even nuclear power plant may be used in the combined
cycles.

GT-ST Combined Power plants

It has been found that a considerable amount of heat energy goes as a waste with the
exhaust of the gas turbine. This energy must be utilized. The complete use of the energy
available to a system is called the total energy approach. The remaining heat (e.g., hot exhaust
fumes) from combustion is generally wasted. Combining two or more thermodynamic cycle’s
results in improved overall efficiency, reducing fuel costs. In stationary power plants, a
successful, common combination is the Brayton cycle (in the form of a turbine burning natural
gas or synthesis gas from coal) and the Rankine cycle (in the form of a steam power plant).

Multiple stage turbine or steam cylinders are also common.
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ST-MHD Combined Power plants
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Economics of Power Plant

Terms and Definitions

Connacted logd - is the combined continuous rating of all the recening apparatus on
conswmer’s premises which & connected to the system of part of the system under
consi deration,

Dgmand = It & the lead expressed in (KW} that & drawen from the source of supply at the
receiving tarminals averaged ovar a suitable and speciiad interval of time

Miax demand or paak losd — is the greatest of all the demands that have ocourred during a
Eivan peniod.

Load curve — 11 is @ graphic record shawing the power demands for every instant during a
cartain trme interal

Reasons for {luctuations in load

o e e e e s e e e

Dherily wiered el
Weekiy vanation
Sadson winaiion
Ranmdem vanobion

Lahg term growdt,

Load Profile

A load profile is o graph of the variation in the electrical load versus time, and i will vary
aocording fo customer type. (residential, commercial and industrial)

Load curve is 3 chart showing the amount of electricity custormers wse over 3 period of

cime. Generation cormpanies use this information to plan how much power they will nesd to
generateat any given time.

Load dheration curve is similar to 3 kad curve, The information is the same bat & presented
i & different form. These curves are wseful in the selection of generator wnaits for supplying
alachricty

Load Curves
Craily Demand Curves

Liad Wariaticn
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Factors of Performance and Variation
= Load factos (LF)
= Capacity factor (CF|
*  Utility factor (UF)
#  Diversity factor (DrF)
*  Availability factor (AF)
= Demand factor {BF}

= Plant use factor (PuF|

Losd Factor {LF]

Load Factor is defined as “the rotie af the & load demanded to the load demanded
during & certain prescribed period of fime™

LF fe wsually lesws than (1], howsver, HIGH LF i desirable for
& That the total capacity of the plant is utiized for the max period of time,

" High LF means greater average load , which mean that mone poser urdts (KW he) may e
generated for 3 given max domand,

»  The lived cost which & proportianal to the max demand can be distrboted over 8 greater
number of power units (KWhr) suppdied.

& Al of the above will lower cost of electricity being generated and supplied.

& LF-gpplicd to power wsers and conswimers

LF = Average lood demonded ot Atx
Prok foad demaonded ot Atx

LF = Enprgy consumind during Aty
Maximum demand x Sty

Capacity Factor [CF)

= Capacity factor is defined as “the ratio of the actual o/p of a power plant over a period of
time ba it's afp iF it had operated at full rated capacity during the same period of time"

*  CF—applied to power generation system.
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Capacity Factar = Actual output during ti
Dutput that could be produced a1 the rated plant sparation during 6

ACE= Anpual BWhr praduced
Plant capacity (k') 2 (hrfyear]

Is capacity factor the seme a5 efffcienoe?

*  No, ond they are naf really related, Efficiency is the ratio of the usefid output to the effart
inpub = hls pase, the inpirl amd the oulput are erergy. The Tvoes of afficiansy are thermal,
rrechonical ond efectrol efficiencies.

' Thaze afficlancies accoimt for losses, most of which tum info heof in'tha stmosphers ond

warten For instance, the average efficiency of the U efecinicity generation mfirastrnctiune is
ohowt 35% =this i5 beconse i most thermo! plonts, oot twae thirds of the input energy s

wasted os hegt indo the enwronment, A4 higher capocity foctar is net an indcater of Righer
efficiancy ar wica varsa.

= {5 g higher capadty factor “better™?

¥ Yes, within o given technoiogy or @ given plant, you con generally sop thal a ligher copocity
factor i bettar oad in particular, more acordarmdeal.

+ But i does mol ake sense to compare eapacity foclars aerass technolagles, Becawie Hie
economics of beth produchon and capecity are so different from one fechoology to the nest
—the copraeity factorls fust one af mrany factors (o fudging If o powar plant i« feasibls. Trirand,
e wsefil s to compare the cost of producng enengy amaong the various technologies,

Reserve Capadity {RC

= Resaree capacity (RC) & defined as “the difference berwsen the total rated capacity of all the
upits in the grid network and the expected peak demand of the eystam”

The plant reserve capacity can be approximated as in the foflowing expression:
RC = LF—{F
Whare rormal values of (RC) usually maintained at’ about 20%
Litility Factor (LIF)

UHility Factor is defined as “the matio of mazimum demand of a plant to the reted capscity of the
plant”

Liility Factor = _Maximum demand of the plant
Rated capacity of the plant

= Maximum Demand = Maximum Load x LF
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Diwversity Factor (DEF)

Consider a proup of consumers, each individeal in the group kad a max demand at a certain
e,

= The max demand of the groug individuals most probably may net soour 8t one tire, but at
diffarent instant of time, S

1. Each individuwal has his own max demand.

2. Sedecting this mas demand valee of each individual and sum them up ta get the total max
dermand walwe of the group, and let this be egual to (x)

3, Selecting the highest max demand valoe armong the group individual, and let this be {y|
4. The diversity factor DoF &
Dhiversity Facter = E (maximum dermandl; +  (maximum demand]; & ste
Highest maxirmum demand armong the group
s DeF=xfy

‘Where [DrF= 1} always: High Drfis desirable, and it means “low max demand on the plant for
a green aumber of consurmens.

A ailability Factor |AF}

¢ lvis knaen s 'the plant operating factor” and it is defined 85 “the ratio of the time pariod in
which the plant was in oparatien to the total time period considered.”

= This simphy means that plant availability is plant available to be used for acteal renning or as
stand-by,

Stand-by is not really working status, it 5 nevertheless, available 1o be used instanthy when
Baing requirad.

Therefere, total availabdlity time & the sum of the running phus the stand-by time
Availability Factor = _Tima period the plant in pperation
Total time intarvals

Availability Factor = Rusnning timie

Time renning + time standby + stoppage time
D e Fan:tnr'ji:lﬂ

¢ The ratio of the raximum real power consumed by & system 1o the maximum real power

that would be consumed if the entire lpad connected to the system were to be activated at
the same time,
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*  Fora consuemer, the demand factor is “the ratic of it's max demand to the connected load,
MWax demand is the max load (in kW) which a consumer wses at amy time,

Connectad load |5 the total rating {in kW) of the various electical eguipmant installedin a
CORSUETIER S prémsas.

Demand Factor = _maximum demand of consumer
connected losd

= The actual max demand of & consumer is almaost ahvys kess than his conrected losd from
the grid, a5 all of his residantial appfiances may not be in operaticn at the same time.

*  DOF & usually less than |1), but can be egual to (1)
» DF=1
Plant Use Factor {Pu

PuF &5 different from CF in that the achual cperation power is considaned,

annual Fuf = anmal  [(WWhr) prodeced

plant capacity « hrs. of plant operation

Electricity Power Genersticn Cost

This &5 the cost of new power plant to be constmrcted, where such costs are divided into
three categonies ;

L.Caparal cost
2.0perating & maintenance cost
3.Fuel cost
Thiese costs are often expressed in unit currency par kWh of power produced.
The cost te the consumer for electric enerngy charge can be roughly agprosimated according 1o
Genaration —60%
Transrnission =104
o Distrilbution - 303
¢ ddministrativeProfit —10%

«  Capitad Cost
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hest di fficult to compute due to the large expanditure and time period mvalvad. Howeser, for
simplification, capital cost can be divided inte two main categories ;

A-initial costs
I.Lond 2 Bualdings
1. ERungment 4. instaflation

5. Oweroll charges - ‘tronsporfation —stones -keeping —interest ..etc’
8 - Economic charges
= ] fnberest rare

2. Bepreciation physical = wear & tear ~corrosion —agqimg ... functional = change of pracess

Erhmicn! advancerment,
« X Toxes 4, Msrmnce
Fuel Cost

= To produce a gheen amount of electricity can be determine Annusl thermal heat requined a3
¢ E=minfx HHV xnth

= The annuad fuelcost s determinad from the ameount of fuel vsed and it"s cost per wnitof
such amaount, i.e; Fuel cost = mif x fuel cost

*  Frodn abonde the fuel éost of electricity production can be siprassed as
ef = fuel east f E=mi = fuel cost [/ mif ¥ HHV = fgth = cost f HHY ¥ nth
Whers, E—power produced (kKW' HHY —fuel heating value (k) kal;
mf— fuel annual consumption rate (tonfyrl: fth — plant thermal efficiency:
cost = cost of unit mass of fuel {INRton]

Operation & Maintenance Cost

Labor costs (wages & salares): These will depend on the manning levels and degree of automation
of the piant, 83 well as the living standard.

Maintenance charges: Maintenance costs as an average over the plant life (based on previows
experience and guidance) should be scught from the manufacturer

Electric Fower Produced [EPRP): To simplify cost estimation, a new term “electric power produced™
will b presented which is usually expressed per ne year,

Therefore EPP far oms pear

*  EPP = Prt. CF .t (kWh)
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Prt - nominal power plant rating (kW |; CF —plant capacity factor; £ - hesfer = 8760 hrsfyr

The EPP s wery useful term, as cast of power generation & related to it, and so the overall power
gensration cost |OPGE) is generally expressaed as!

OPGC = Capital cost + O&M + fuel cost

EFP
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UNTI-II
STEAM POWER PLANT

A steam power plant converts the chemical energy of the fossil fuels [eonl, oll, pas) into
mechanical / electrical energy. This s achisved by rajsing the stearm in the bollers, expanding it through
the turbines and coupling the turbines to the generstors which convert mechanical energy to olectrical
energy &% ahown in Fig 2.1,

Machanizal [Etectrical

Waler

Fuel
Fig. 2.1. Predustion of electriz energy by steam: power plant

The following two purposes can be served by a steam power plant
1. T produce electric power.
2, To produce avgam for industrlal perposss begides producing electric power, The stesm may

b used for varving purpases in the industries guch on textiles, food mansfaciure, paper mills, sugor
mills and refineries eto.
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CLASSIFICATION OF STEAM POWER PLANTS

The steam power plants may be clossified as follows

1. Contrsl stations,

2. Industrial powor stations or capiive power stations.

1. Central stations. The eleclrical energy available from thess statlons ia meant foe general
sals to the customers who wish to purchass it. Generally, these stations are condensing lype where
the axhaust steam is discharged into a condenser instead of into the atmosphere. In the condenaar
{he pressure is maintained below the atmoespheric pressure and the exhanst steam is condensed.,

2. Industrial power stations or captive power stations. This type of power station is
run hy a manufacturing company for its own use and ite outpot is nod aveilsble for general sale.
Mormally these plaots are non -condensing becauss a larpe guantity of steam (low pressure) is required
for differant manufacturing operationg,

In the eondensing steam power plants the following edvanfoges acerie

(1) The amount of energy extracted per kg of sicam iz increased (o given size of the engine ot
turbine develops mare powee].

i) The steam which has been condensed into water in the condenser, can be recirculated to
the boilers with the help of pumps,

In nm-qumﬁnl stoam R plnnil n continuous luplﬂ_;r af fresh feed water fa ﬁ.'qh.irﬁﬂ
which becomes a problem at places where there is s shortage of purs water,

2.3. LAYOUT OF A MOCDERN STEAM POWER PLANT

Eefer Fig. 2.2. The lavout of a modern steam power plant comprizes of the following four
CEPRLELS |

1, Coal and sah cireoait.

2, Air and gas cireuit,

3. Feed water and steam flow clrewdt.

4. Caoling water cleomt.

The briel deseripation af these elnsuita b= given belos

1. Coal and ash cirouit, Coal arrives at the storage yard and after necessary handling,
patses on to the furnaces throogh the fiuel feding device. Ash ropulting from sombustion of eoal col-
lects ot the back of the boiler and is removed to the ash storape yard through ash kendling egupment.

2. Air and gas cirouit. Air is taken in from atmosphers throogh the action of o forced or
induced drauvght fan and passes on to the furnace through the air preheater, where it has bean
heated by the heat of lue gases which paze to the chimney via the preheater. The flue gases after
passing around boiler tobes and superheater tubes in the fornace pass throogh a dest catching
device or precipitator, then through the economiser, and fnally through the air prebenter before
being exhausted to the atmoaphere,

3. Feied water and steam fMlow eircuil. In the water and steam cireuit condensate leaving
the condenser is first heated in a closed feed waber heater through extracted steam from the lewest
preseure extraction point of the turbine. It then passes through the decereior and a lew more water
heaters before going inte the boiler through economizer,
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3-phase supply

| Conling towar
Aiver or conal  ——

Fig. 2.2, Layout of a steam power plant,

In the beiler drum and tubes, water circulates due to the difference between the density of
water in the lower temperature and the higher temperature sections of the beler. Wet steam from
the drum is further heated up in the superheater before being supplied to the primemover, After
expanding in high pressure turbine steam is taken to the reheat boiler and brought to its original
dryness or superheat before being passed on to the low pressure turbine. From there it is exhausted
through the condensar into the hot well. The condensate iz heated in the feed heaters using the
steam trapped (bled steam} from different points of turbine.

A part of skeam and water ia loat while pagsing through different componenta and this ia
compensated by supplying additional feed water, This feed water shoald be purified before hand, to
avoid the scaling of the tobes of tha boiler.

4. Cooling water cirouit. The cooling watar supply to the condenser helpa in maintaining a
low preasure in it. The water may be taken from a netural spurce such & river, lake or sea or the
sama water may be cooled and dreulated over again, In the later case the cooling arrangement |4
made through spray pond or cooling tower,

Componenis of a Modern Steam Power Plant ;

A modern steam power plant consists of the following components

1. Boiler
(£} Superheater (if] Reheater
[if) Eeonomiser (v} Air-hsater
2. Steam turbine 3. Cenerator
4, Condenser 5. Cooling towers
6. Circulating water pump 7. Boiler fead pamp
8. Wagan tippler 8. Crusher house
10. Coal mill 11. Induced draught fans
1Z. Ash precipitators 13. Boiler chimney
14. Forced draught fans 15. Water treatment plant
16. Control room 17. Bwitch yard.
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ESSENTIAL REQUIREMENTS OF STEAM POWER STATION DESIGN

The essential requirements of steam power station design are :
1. Reliability. 2. Minimum capital cost.
3. Minimum operating and maintenance cost.
4. Capacity to meet peak load effectively.
5. Minimum losses of energy in transmission.
6. Low cost of energy supplied to the consumers.
7. Reserve capacity to meet future demands.
The above essential requirements depend to a large extent on the following :
_{i) Simplicity of design.
(ii) Subdivision of plant and apparatus.
(iii) Use of automatic equipment.
(iv) Extensibility.

2.5. SELECTION OF 2ITE FOR STEAM POWER STATION

The following points should be taken inte consideration while sefecting the side for a steam
power skation |

1. Availability of raw material. 2. Nature of land.

3, Coet of land, 4. Availability of water.
&. Trangport facilities. 6. Ash dispoaal facilities,
7. Availability of labour. 8, Size of the plant.

9. Logd centre, 18, Public profrlems.

11, Fubure extensions,
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2.8.4. Coal Handling
Refer to Fig. 2.8.

—y

Coal delivery

2 Unloading

h 4

3 Preparation

4 Transfer

!

5| OQutdoor storage

6| Covered storage

Y

7| Inplant handiing

k.
8 Weighing and
measuring

b

9| Furnace firing

Fig. 2.8. Various stages in coal handling.
The following stages / steps are involved in handling the coal :
1. Coal delivery 2. Unloading 3. Preparation 4, Transfer

5. Storage of coal 6. In-plant handling 7. Weighing and measuring
8. Furnace firing.
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Fig. 2.9 shows the outline of coal heodling equipment.

Stocking out & Faclaiming

Fig. 2.8, Qutlice of coal handling squipment,

2.8.5. Layout of 8 Fuel Handling Eguipment

Fig. .10 shows s schematic layout of a fusl handling eguipment of & modern steam pawer
plant where coal (a solid fuel) is used, Brief description is as follows ;

Wagon balance
To kel EESZEEREEESEGREEEEEEL

1|/ Eﬁ

(B omm
!
»

Eoller hoppers lr/-w

.‘_
=
W T— Trarslar
Comesyor iower
Fig. 210, Layenst of a fuel handling equipanent.
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— Coal is supplied to the power plant in railway wagons.

— Afber weighing on wagon balance the eail & then unloaded into underground hoppers ar
bunkers, The wagon can be unloaded aither manually or throogh rotary wagon tipplers,

— From the bunkers, the coal is lifted by conveyar to the transfer tower from whers it can be
deliverod aithor to the fuol store or by a conwayor to 5 crushar,

— The casl is then passed through the megnetic separatore and sereens and crushed in
crushers into pleces 26 to 30 mm in aize for stoker firing aad 10 ta 20 mm when pulverished
fuel is fired in bodler furnaces. The crushad coal in the later case s milled to o ffne powder
and then it is carried through automiatic weigher to a transfar tewer where fual is lifted
and distribubed bebween boiler boppers by a conveyur,

2.9. COMEUSTION EQUIFMENT FOR STEAM BODILERS

2.9.]1. General Aspecis

The eombastion equipment is & component of the staam pensrator. Sincs the sourcs of heat is
the combustion of s foel, n working unit must have, whatever, squipment iz necessary to recedve the
fuel and air, proportioned to cach other and to the bailer steam demand, mix, ignite, and perform
any ather special combuation duties, such a= distillation of volatile from esal prior o ignition.

&  Fluid fuels are handled by burners ; solid lump fuels by siokers,

# In boiler plants hand firing on grates {8 prastizally unheard of nowdays in new plants,

although thers are many amall industrial plante euill in service with hand firing.

# The fuels are mainly bituminous coal, fusl oil and natural gas mentioned in order of im-
portance. All are composed ol hydrocarbons, and eoal hae, s well, moch fized carbon and
little sulphor, To burn these fogls to the degired end products, GOy and FLO, requires ()
air tn stfficiend proporfions, (G} o good miong of the fuel and air, (@l} o furbulence ar
relofive motion between fuel and aér, The combustion equipmentmust fulfill these require-
mants ond, in addition, be capable of close regulation of rete of firing the fusl, for boilery
urhich ordenarily eperale on parisble lead, Coal-fidng equipment misd alee Bave & means
for holding and dischorging the ash residue,

The basic requirements of combustion eguipment :

1. Thorough mixing of fel and air,

2. Optimum fuel-air ratice leading to most complete combustion possble maintained over
full load ramge.

3. Ready and spccurate response of rate of fuel foed to boad demand (usually as reflected in
boiler steam pressore).

4. Conbinusis and reliable ignition of feel.

5. Practical distillation of volatile components of coal.

6. Adeguate control cvrer paing of formation and secumulation of ash, when coal is the fuel.

Matural gns 1z ussd as a boller fusl in gos well reglons whers fuel iz relatizely cheap and eoal
sources comparatively distant, The transportation of natural gas over land to supply cities with
domestic and indostrial heat has made the gas i the well more valuable and the gas-fired steam
generator more difficalt to fustify in comparizon with eoal, or fusl cost alene. Clesnliness and con-
venienes in use are other eriteria of election, but more decisive in small plants in central power
stations.

Transportation costs add less to the delivery price of cil than gas ; also fuel oil may be stared
in tanks at a reasoneble cost, whereas, gas cannot. Hence although feel cil is usually more costly
than coal per kg of steam generated, many eperators select fuel oil burners rather than stokers
becauss of the simplicity and ¢leanliness of storing and transporting the fusl from storags to burner.
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Depending on the type of combustion equipment, bailers may be classifed as follows :
L. Solid foels fired :
i) Hand fired
[b) Beoker fired
1£) Orverfeed stokers
(£) Underfeed strokers.
{z) Pulverined fuel fired
{c) Unit syatem
[if} Central system
(#is) Combination ol (f) and {{i).
2. Liguid fuel fired :
(=} Injection syatem
(h) Evaporation system
(¢} Combination of (a2 and (b}
4 Gaseous foel fired :
lim) Atmospheric pressure syatem
() High pressure systam.
2.8.2, Combustion Eguipment for Bolid Fuels—Sclection Considerations

While selacting combustion equipment for solid fuels the following considerafions should be
taken into aceoomt

1. Initinl cost of the squipment.

2, Sufficient combustion ipace and it akility to withstand high Qame temperature,
3. Aren of the grate (over which fuel burna}

i, Dperating cost

5. Minimum emoke nuiesnce,

B, Fleninility of operation.

7. Arrangements for thorough mixing of air with fuel for efficient combustien,
2.9.3. Burning of Coal

Tha two most commonly nsed methode for the burning of coal are :

1. Beecker firing

2 Pulverized foel firing.

The selection of one of the above methods depends upon the following fectors |

[£) Characterintlies af the coal availabis.

(ii} Capacity of the boiler unit.
(£ff} Lomd Auctuations,

(e} Beation load factor,

() Reliakidlity and efficiency of the various types of combustion equipment available.
2.9.3.1. Stoker Firing

A "steker® is o power operated fuel feeding mochanism and grate.
Advantages of stoloer firing :

1. A cheaper grade of fusl can be vaed,
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2. A higher efficiency attained.
4, A greater flexibility of operntions assured.
4. Less smoke produced,
5. Ganorally loss building spaca iz nocossary.
6, Can be wsed for amall or large boiler units,
T. Very reliable, maintenance charges are reazonably low,
B, Practically immune from explosions,
8. Reduction in auxiliary plant.
0. Capltal investment as ecmpared to pulverised fuel system ka less,
11. Same ressrve & Etin:d h-].fl']:: I.u.rg: amount of eonl stored oo Eh:grnl: in the event of coal
handling plant failure.
Disadvantages :
1. Construction i8 somplicated.,
2. In ease of very lncge units the imitinl cost may be rather higher than with pulverised fuel
3. There is always a certain amount of boss of caal in the form of riddling through the grates
4. Budden voriations in the steam demand cannot be met to the eame degree.
. Troubles due to slagging and clinkering of combustion chambar walls are experienced,
6. Banking and standby loeses are always present,

7. Structural arrangements are not 5o simple and surrounding floors hove to be designed for
htvy loadings.

B. There is excessive wear of moviog parts due to abrasive setion of conl,
Classification of stoker firing :
Automatic stokers are clossifled as follows

1. Overfesd stolors.

£ Underfeed stokers.

In case of overfeed stokers, the coal is fied into the grate above the peint of air admission and
in case of underfoed stokers, the conl is sdmitted into the furnace below the peint of air sdmission,

1. Overfesd stoloers :
Piirlci;:!: nfnpl:rdim Hefrr £a Fﬁg’. 211. The Fri.nl:ipﬂz of an overfeed stoker 1a dizeozsed

below :
-
GO + 0y + N, + HO
Flame = Secondany air
Green coal ——+ B e B e e VM + €0+ 00, 4 Ny + Hy
e ey (WM = Volatle mattsr)
hml_l' i::,- lﬂnm*ﬂﬂliﬂz-tl"l

Auh .,E.F “.
Cirale —

¥ LU T 7
Primary air + HO
Fig. 2.11. Principls af weerfoed stokar,
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The fuel bed section receives fresh coal on top surface, The ignition plane lies between green
poal and incendescent coke,

The air(with ite water vapoor conkent from atmeepheral entars the bobtem of the grate undar
preszure., In fowing through the grate opening the air is heated whila it conla the grate. The warm
wir then passes throagh a layer of het ashes and picks up the heat energy.

The region immedistely above the ashes containg a mixturn of incandescent coke and ash,
coke content increasing in wpward direstion, As the air comes in contact with incandescent coke, the
pacygen reacts with carbon to form carbondioxide. Watker vapour entering with the air reacts with
eoka to form OO, CO nnd free Hy. Upan forther travel throogh the incendescent region some of the
0, reacts with coke to form CO. Henes no free 0, will be present in the gases leaving the incandes-
cENE TEgion,

Fresh fuel undergoing distiliation of its volatile matter forms the top-mast layer of the fuel
bed, Hent for distillation and eventuallv ignition cormos fram the fellowing four sources @

{IJ !J' ::mﬂq.l:ﬁurl ﬁ'um. ithie htlnﬂ.ﬂdn‘l‘.hﬂh Toulow.

[ii} From high temperatore gases diffusing through the surface of the bed.

{itl) By radiatlon from fAlames and hot gages in the furnace,

iiv) From the hot fomnmce walls.

The igniticn zona lies directly below the raw fuel underpoing distillation.

To burs the combustible gases, additional seeandary air must be fed nto the furnace to aup-
ply the needed oxypon. The secondary sir must be injected at considersble speed to create turbu-
lenes and to penetrata to all parta of the area above the fsel bad, The cembuatible gases then som-
plately burn in the fumaeca,

Fuel, coke and ash in the fisel bed move in direction opposite to that of sir and gases. Raw fivel

mli.inmur ﬂrnpl:in the surfacs of the bed. The TisIng air feed coals the axh until i'l.ﬁl'n'.n].'[:aI reils in &
plane fmmediately adjecent to the grate

Types of overfeed stokers

The "puerfeed stokers® are used for large capocity boiler inerallation uhers the coal is burnt
with pulverisation,

These stokers are mainly of following two Lypes

(6} Travelling grate atalker

{e} Chain grata type {b) Bar grate type

(£} Bpreador stoker,

(i) Teavelling prate stoler @

These staloars may bechaia grate fype or bar grate type. Thoss twa differ anly in the details of
grote conatroetion.

Fig. 2.12 shows a *Chain grate stakar”,

A chain grate stoker consists of flexible endless chain which forme a support for the fuel bed.
The chain travels over two sprocket wheals ane at the front and cne at the rear of furoase, The frant
sprocket is connected to a variable speed drive mechaniam, The spead of the stroker ts 15 cm to 50
£m pr minute.

The coal bed thickness i shown for all times by an index plate. This can be regulatod either
by adjusting the opening of fusl grate or by tho spesd control of the stoker driving sotor.

The air is admitted from the underside of the grete which is divided into several compart.
ments each connicied to an air duct. The grate sheuld bs saved from tming overheated. For thia, coal
should have sufficient ash content which will form & layer on the grats.

Stnee there i3 practically no agitation of the fuel bed, non-coking coals are best suifed for chain
grate stokers.
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Fig. 2.12. Chaln grato stokar.
Thea rate of burnlog with this stoker ks 200 to 300 kg per m? per hour when forced dracght s

Advantages of chain grote stoker :

1. Bimple in eonstroction.

2. Imitin] cost low.

3. Mainbenance charges low,

4. Beli-cleaning stoker,

5. Gives high release rates per unit voluma of the furnace.

6. Heat raloase rates can be controlind just by controlling the speed of chain,

Disadrantages :

1. Prehested air temperatures are limlted to 160"C mamxmam,

2, The clinker tronbles are very commoan,

3. Thers is always scme loss of coal In the form of fine particles through riddlings
4. Ignition arches are required (fo sult specillc farnace conditional,

5. This cannot be used for high capacity boilers (200 emnes’hr or more).

(ii} Bpresder stoker. Refer o Fig, 2,13,

# In this typa of steker the coal is not fed into furnace by means of grate. The function of the
grate 18 only to support & bed of ash and mesee it out of the fisrnaes,

# From the coal hoppar, coal ks fad into the path of a rotor by means of & conveyer, and is
thrown Into the furnaes by the rotor and ke burnld in suspension. The air for combustion ts
supplied through the holea in the grate.

w The seconcfory air (or overflre alr) to creale turbalence end supply axygen for thercugh
coumdusrion of coal is supplied through nozeles located directly above the ignition arch,

# Unbornt eoal and ash are depositad on the grate which onn bo moved periodically to re-
meve ash aut of the furnace,

® Spreader stokers can burn any trpe of coal,
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Fig. 213 Spreader atoker.

% This type of stoker can be used for beiler capacities from 70000 kg to 140000 kg of stesm
per hour. The heat releasa rate of 10 x 105 k calim®-br is poasible with scationary grate
and of 20 x 109k cal/m-hr is posaible with iravelling graie.

Advantages ;
1. A wide variety of coal can be burnt,
2, This stolter is simple o eperate, easy to light op and bring into commission,
2, The use of high temperature preheated air is possible
4, Qperation cogt js conalderably ke,
5. The clinking difficulties are redused even with coals which have high dinkering tendencies.
6. Volatile matter is enzily burot.
T. Fire archez ebe. are generally not required with this type of stokers.
A. As the dopth of coal bed on the grate is usually limited to 10 to 16 cm only, Auctasting
loads can be sasily met with.

Disadvantages
1. It is difficult to operate spreader with varving sizes of coal with varying moisture content.
2. Fly-ash is much more.
3. Mo remedy for clinker troubles.
4. Thern is & peasbility of soma fual loss in the cinders up the stack beeause of the thin fuel
bed and suspension burning.
2. Underfecd foeders :
Prigciple of aperalion. Refer to Fig. 2.14 {a).
# The underfeed principle is suitable for burning the semi-bituminous and bifuminous eoals.

& Air entering through the hales in the prate comes in contack with the raw conl (green
coall. Then it passes through the mecandescent coke where repctions similar to overfeed
system take place. The gases produced then pass through a layer of ash. The secondary
mir i supplied to burn the combustible gases,

The underfeed stokers fall into two main groups, the single refort and mulf-retort stokers.
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Fig. 2.14. (o) Prnaple of anderfeed feeders

Multi-retort underfeed atolkers @

Refer to Fig. 2.14 (&),

SRR

Incandescent zone \ TU}"'BI'BB .
[Matiliation zone \

A Bl S

R g o

Fig. 2.14. (B} Multi-retort underfeed stokers.

» The stoker consists

of n series of sloping parallel troughs formed by tuyere stacks. Thesa

troughs are called refores. Under the coal hopper at the besd end of the retorts, feeding
rams reciprocabe back and forth, With the ram in the outer position coal from the hopper
falls into space vacabed by the ram, On the inward stroke the ram forces the coal into the

rators.
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# The height and profile of the foel bed iz contrelled by secondary, or dretribuling Forms.
These rams oscillate parallel to the retart axes, the length of their stokes can be varied as
needed. They slowly move the eative fuel bed down the length of the stuker,

& At the rear of the stoker tha partly borned fuel bed moves onto an exfension grate ar-
ranged in gections. These sections also oevillate parallel to the fuel-bed movement. The
sharp slope of the stoler aids in moving the fasl bed. Fuel-bed movement keeps it slightly
egitated to break up clinker formation. From extension grate the ash moves onto ash
dump plate. Tilting the dump plate at long intarvals deposits the ash in the ashpit below,

e Primary air from the wind box underneath the stoker entars the fusl bed through holes in
the vertical sides of the tuyeres. The extension prate carries 8 much thinner fusl bed and
go must have a lower air pressure under it. The air entering from the main wind box into
the extension-grate wind box ia repulated by g conéroliing air damper.,

In this stoker the number of retorts may vary from 2 Lo 20 with coal burning capacity ranging

from 300 kg to 2000 kg per hour per ratort.

Underfesd atokers are sultable for non-clinkering, high volistile soals Aoving cakdng proper
feg and low ask condenis.

Advantages :
1. High thermal efficiency (as compared to chain grete stokersh
2, Combustion rate is considerably hkighar.
3. The grate is sall cleaning.
4. Part load efficency ie high particularly with multi-retort type.
&, Different varieties of conls can be weed,
8. Much higher steaming retes are possible with this type of staker,
T, Grate bars, tuyeres and reborts are oot subjected to high temperature as they remain
always in contact with fresh coal.
&, Overload capacity of the boiler is high as large amount of eoal ie carried on the grate.
9. Smokeless operation 1s paseible even at very Hght laad.
10, With the use of chaker grinder, more heat can be liberated out of fsel
11. Substantial ameunt of cosl always remaine on the grate so that the boller may remain in
service in the event of temperary breakdown of the cosl supply system.

12 It ean be veed with all refrectory furmaces becawss of non-exposurs of staker mechanism
to the fornaes.

Disadvantages ;

1. High initisl cost.

2. Bequire large building spaca.

3, The clinker troubles are usually present.

4. Low grade fusls with high ash content cannot be bornt econtmically.

2.9.3.2. Pulverised fuel firing
I pulverised foel fring system the coz! i reduced foa fine powder with the help of grinding
mill and then prafected tnfo the eombustion chamber with the help of hot air cierrens, The amaunt of

gir required (known as secandary air) to complete the combustion is supplied separately to the
combuistion chamber. The resulting turbulenoe in the combustion chamber halps for uniform mixing
of fuel and nir and therough combustion. The amount of air which is used to carry the cool and to dry
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i# befors eniering into the combustion chamber is known a: Primery air and the amount of air which
iz supplied separately for completing the combustion is known s Becondary air.

The efficiency of the pulverised fuel firing system mastly depends upon the size of the powder,
The fineness of the coal should be soch as T0% of it woald pass through a 200 mesh sieve and 20%
through 80 mesh aisve,

Fig. 2.16 shows clemants of pulverised conl systom,

Fig. 2.15. Elements of pubverissd coal system,

Advantages :
1. Any grade of coal can be usad since coal is powdered bafore use.,
E. ﬁlntlnrﬁlﬂ nrﬁ:.-tfuﬂ mn hp:rqp.ll.ﬁ'l;n:l prupnu'lfrmll.‘inﬂinflul.’:hmy.
3. Bince there iz almost complete sombestion of the fuel there iz inereased rate of evapora-
tion and higher boiler affidancy.
4, Greater capacity to mest peak loads,
B. The system is practically free from sagging and clinkering troubles.
6. No standby losses due to banked fires.
7. Practically no ash handling problems.
B. Mo moving part in the furnace is subjected to high temperatures.
9. This evetom works suscessfully with or in combination with gas and oil,
10. Much smaller quantity of air is required a8 compared to that of stoker firing.
11. Practically free from clinker troubles,
1Z. The external heating surfaces ars free from morrosion.
13. It is possible o use highly probested secopdary adr (350°C) which helps for rapld fame
propagation,
14. The furnase volume required is conslderably less.

NAME-RIZWANA SULTAN
DESIGNATION-Guest Faculty
Mechanical Engineering Department




Disadvantages :
1. High capital enat.
2, Lot of fy-ash in the exhauat, which makes the removing of fine dust uneconamieal.
3. The poasibility of explogion is more as coal bomas like gas.
4, The maintenance of furnace brickwaork is costly,
5. Special equipment is nesded to start this spstem.
6. The skilled operators are required.
7. A peparate coal preparation plant is necessary,
4. High furnace temperatures cnose ropid deterioration of the refractory surfaces of the
furneecs.

B, Nuisancs is created by the emission of very fine particles of grit and dust,
10 Fine repular grinding of fuel and proper distribotion 1o barners |8 aeanlly diffieult o
achigve.
Pulverised Fuel Handling
Besically, pubverised fuel plants may be divided into the following twe sysfems -
1. Unit system.
2. Central system.
Unit svatemm 3
A unit system is shown in Fig. 2.16.

Faw coal
bunker

Sapwalor & i
Feader E‘“’"
Lkﬁiﬂrhﬂ

Prehesled mir or \
Tl gt for coal

drying (Frimary air) Pret i
[Secondary air)

Bumer

Fig. 2.16. Unit system.

Most pulverised coal plants are now being installed with unit pulveriser,
The nnit system ia o called froms the Evet that each burper or burner group and the pulveriser
constitute o unit. Crushed coal is fod to the pulverising mill at a variable rate governed by the

combustion requirements of the boiler and furnace, Primary air iz admitted to the mill and becomes

the: transport air which carries the coal through the short delivery pipe to the burner, This air may
be preheated if mill drving is desirable.
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Advaniages :

1. The layout is gimple and permits essy aperation.,

2. It ia cheaper than central system.

3. Less spaces are required.

4. It allowe direct control of eombustion from the pulveriser.

5. Muintenance charges are less,

8. There is no complex trenspertation aystem.

7. In a replacement of stokers, the old conveyor and bunker equipment may be used,
§. Coal which would require drying in order to function satisfactorily in the central system

may ususlly be employed without drying in the unit system.

Disadvantages

1, Firing aisle is obstructed with pulverising squipment, unless the Istter is relegeted to s
basement.

2. The mills cperate at variable lead, 8 condition mot eepeaially condacive to beat resulte,

3. With lond factors in common practice, total mill capacity must be higher than for the
cantral system.

4. Flexibility is less than central system.
Central system :
This systam is illustrated in Fig. 217.

bunker

Alarnathe flus
gas for coal drying

Fig 2.17. Central system

A central pulverising system employa a limited number of large eapacity pulverisers at o
central point to prepare coal for all the barners. Driers, if required, are conveniently installed at this
Fnjnt. From ﬂ:.-pulv-rim the coal l.l'l:.'lnq_lm.'l'.n:“:-ul.n-::i.rl.'l l'hrl.EIH:n where it i dupl:il:-d.anﬂ
its transparting air vented from the bin through a "cyelone”. This bin may contain from 12 to 24
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hours sepply of pulverised coal. From the bin the coal is metersd to the burners by motor-driven
feaders of varied design. Primary air, added at the feederd, floats the coal to the burnars.

Advantages :

1. Offers good control of coal finoness,

2. The pulverising mill may work at constant laad becanse of the storage capacity bélween it
and the burners.

4, The bodler ainela are unobatrueted.

4. More latituds in the arrangement and number of borners is allowed to the desizners.

5. The large storage {8 protection againat interrupticn of fue! supply to the burnecs.

. Lese labour if required.

1. Power consumption par tonne of coal handied is low,

8. Burners can be spernted independsnt of the operation of coal preparation plant,

8. Fans handle oaly wir, as such, thers is no problem of excessive woear gs in case of unit
systent, where air and cosl both are handled by the fan.

Dsadvantages :

L. Driers are wsunlly necessary.

&, Fire hazard of quantities of stored palverised coal.

3. Central preparation may reguire a separate building,

4. Additional cost and complexity of coal transportation syshem.

&, Power consumption of auxiliaries is high,

Pulveriser. Coal is pulverized in order to Inerease ite surface exposure, thus prometing
rapid combustion without using large quantities of excess alr. A pulverigser 1z the most important
part of o pulverised conl system. Pulverisers {sometioves called mills} are classified as follows

1. Attrition milla :

() Bowl mills

(i} Ball and race mills,
2. Impeaet mills :

(i} Ball mills

(i} Hammer mills.

Palverizers are driven by elactric motars with the feeders sither sctuated by the main drive
ar by & small d.e. mobar, depending upon the control used.

2.8.4. Burners

Primary oir that carries the powdered coal from tha mill to the furnace is onky about 209% of
the total air needed for combusticn. Before the cosl enters the furnace, It must be mived with sddi-
tional air, known as secondary air, in borners mounted in the furnace wall. Ie additsan fo the prime
function of mixing, burners muost also maintain sfable ignition of fuel-air mix and controf the Seme
shope and fravel in the furnace. Ignition depends on the rate of flame propagation. To prevent Nash
back into the burner, the coal-air miztore muost move sway from the burner &t 8 rate egua! to Aame-
front travel. Too moch secondary alr can eool the mixture and prevent its heating to ignition tempern-
fure,

The requiremeniz of a burper can be summarized as follows ;

[i} The coal and air should be so handled that there is stability of ignition,
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(i) The combustion is complets,
(i) In the flame the heat is uniformly developed avoiding any superbieat epots.
(i) Adequate protection agalnat cwerheating, internal Ores and excepsive abrasive weaar.
2.8.4.1. Pulverised foel burners
Pubrerised fuel burners may be classiffed an follows -
1. Long flame barners.
2. Tarbulent burners,
3, Tangentinl burners.
4. Cyclone burners.
2.59.4.2. 0dl burnars
Principle of vil firing. The functions of an oil burner are ts mix the fuel and air in proper
proporiion and to prepare the fusl for combustion, Fig. 2.18 shows the principle of 1] firing.

Fusl —=—"——]

Al — ]

L e

Fig. 2 18. Principle of ol firing.

Classification of oil buroers. The oi] burners may be eloasified ax ;
1. Vapourturng oif burners -
{a} Atmospheric prespure atomiging burnar
{A] Rotating cup burner
(¢} Recirculation burnar
(cd} Wick type burner.
2. Atamiaing fuel buwrnerg ;
(s} Mechandeal or oil pressurs atemising burner
(b} Steam or high pressore air atemising burnar
(e} Loy pressure air atomistng burmer,
2.0.4.3. Gras burners
Gas burning claims the following advantages :
{i) It ta muach eimpler a5 the foel is ready for combustion end reguires no preparstion.
() Furnaee temparature can be eazily conbrolled,
{iff) A long slow burning flame with uniform and gradual beat Eberation can be produced.
(i} Cleanliness,
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{r) High ehimney is not required.
(i) Mo ash removal is required.
For peneration of stesm, natural gas is invariably used in the following cases :
i} Gas producing areas,
(ii) Areas served by gos trapsmission lines,
{68} Where coal is costlier.
Typical gas burnera used are shown in Fig. 2.19 te 2.20.

Gas hir
| !
- -
b !
Bir ——» _t-“""'
!
Alr
1
Gas
Fig. 3.19 Fig. 2.20 Fig. 2.21

Refor to Fig. 2.19. In this burner the mixing is poor and o fairly long Name results,
Eefer to Fig, 2.20, This is a ring type burner in which a short flame is obtained.
Fofer to Fig. 221, This arrangement is used when both gas and air are under proseure.

I order to prevent the flame from turning basck the velocity of the gas should be more than
the “rate of flame propagation”

2.10. FLUIDISED BED COMBUSTION (FBC)

A fluidised bed may be defined as the bed of solid particles behaving of ¢ finid, The principle
of FRC-gyatem is given below :

When o gos is passed through a packed bed of finely divided solid particles, it experiences »
pressura drop across the bed, At low gas velocities, this pressure drop is small and does not disturb
the particles, But if the gas velocity i increased further, a stage s resched, when parficles are
suspended in the gas stream and the pocked bed becomes o luidised bed”. With forther increase in
gas velooity, the bed becomes turbulent and rapid mixing of particles occurs. In general, the behavior
of this mixture of solid particles and gas is like a Qwid. Burning of a fuel in such o state is known as
n fluidised bed combusiion.

Fig. 2.22 shawa the arrangement of tha FBC systam.

On the distributor plate are fed the foel and inert material dedomite and from its batlom air
iz supplied. The-high velosity of air keeps the solid feed material in suspending condition during
bourning. The genersted heat is rapudly transferred to the water passing throogh the tobes immersed
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in the bed and generated steam is taken out, During the borning sulphor diosids formed = abeorbod
by the dolomite and prevents its escape with the exhaust gases. The molten slag is tepped from the
top aurface of the bed.

The primary ohject of uging the inert material 2 to control the bed temperatung, it pecounts
for 0% of the bed volume, It s very necessary thal the selection of an inert material should be dons
Jjudiciously as it remains with the fusl in contingous motion and @t high temperature ta the tune of
200C, Mereower, the inert material should not dislntegrate coal, the parent materlal of tho bed.

Flue gases

Wiall=s

—* Dteam

on [0 g O W Bunvte

Haat sbearbing

Water —» hubes

Air

Fig. 2.22 Basic FBC sysicm.

The cost peonomic showe that a saving of about 10% in operating cost and 156% eapital cost
coutld he nchicved for a unit rating of 120 MW and it may ba still higher for biggper units,

Advantages

1. As a result of better heat tranafor, the unit size and henea the capital cosfa are reduced,

2. It can respond rapidiy to changes in load demand {(since thermal eguilibrinm bebwesn nir
ard coal particlas in the bed i guickly established],

a. Low sombustion temperatores (B0 to 850%C) mhibits the formation of altropen oxides
like nitric oxide and nitrogen dicxide,

4. Since combustion temperatures are low the fouling and eorregbon of tubes is reduced con-
gidarahly.

6. As it is not necossary to grind the coal very fine as is done in pulverised fusl firing, there:
fore, the copt of coal erushing is reduced.

&. Pollution is controlled and combustion of high-sulphor coal i possible.
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7. FBC systern can use sofid, liguid or gaseous fuel or mix as well as domestic and industrial
waste, Any vericty of coal can be used sucesssfully.
. Combustion temperature can be controlled scoarately.

8, The system can be readily designed for operation ab ratsed combustion pressure, owing to
the mimplicity of arrangement, small size of the plant and reduced likelibhood of sarrasion
ar argsion of gas turbine blades,

10, The combuation in conventional aystem becomes unatable when the ash excsads 48% bul
even 706 ash containing coal ¢an be efficiently burned in FBC.

11. The large quantity of bed material acts 55 & thermal storage which reduces the effect of
any fluctustion in foel feed ratio.

e

2.11. ASH HANDLING

A huge quantity of ash ig prodoced in central stations somelimes being a8 much as 10 to 209%
of the total guantity of eoal burnt in & day. Hundrods of tonnes of ash may bave to be handled evary
day in large power gtations and mechanical devices bocome indispenaable. A station using low grade
fize] has to denl with large quantities of ash.

Handling of ash imchodes
{1} [ta removal from the furnace,

{15} Londing on the convepars and delivery to the fill ar duomp from whers it can be disposed off
by sale ar stherwise.

Handling of ash e a preblem beesuse ash coming out of the furnase ie too hot, it = dosty and
irritating &0 handle and is accompanied by some peisonous gas. Ash needs to be guenched before
handling dua to following rezsons

{1} Quenching reduees corrosion action of the ash.

{41} It reduces the dust accompanying the ash.

dir) It reduces Lomperatore of the ash.

Liw)} Ash forens clinkers by fusing in large lumps and by gquenching clinkers will disintegrate.

2.11.1. Ash Handling Equipment

A good ash hondling plant should have the following charmcoteristies |

1. It should have enough capacity to cope with the volume of ash that may be produced
in a station,

2. It should be able to handle large dinkers, boiler refose, soot ote,, with little peraonal
attontion of the workmen.

3. It ehould be able to handle hot and weot ash effoctively and with good speed.

. It should be possible to minimise the corrosive or abrasive action of ashes and dust
nuisance should noet exist.

. The plant should not cost moch.

. Tha: speration charges should be minimom possible.

. The operation of the plant should be noisaless as much as possible.

. The plant should be able tg operate effectively under all variable lead conditions,

. In ease of addition of units, it ehould need minimum changes in eriginal layoat of

e

W D =3 &0 Ch

plant,
10. The plant should have high rate of handling.
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The commanty wied equipmed for oeh lerdling in large and medium size plants may com-
priso of
(i} Bucket elevator
(if) Bochat conveyor
(ind) Balt conveyor
(i) Preumatic conveyor
(] Hydraulic sluising equipment
(e} Trollies or tail ears el
Flg. 2.23 shows the cutline of ash dispesal equipment.

Rasaining My ash
Sheam
Fiy ash mmowal ([Fartal)
e 1 Bk it
3, Emcirical pracitadion
= T ——
A Bk i ¥
Molien gty ot ), 2
1. Cea e bowr | e Soot & by ash
7. Paricbadty
fpad
2 iy
, o™
; Wnter g A et s
3 (P e Corwarynn’
4 Siam i
5. By o 6 vy
P

Fig 2.23. Outline of ah dispesal equipmest,

2.11.2. Ash Handling Systems

The modern ash-handling systoms are mainly classifTed into four groups |
1. Mechanical handling system

2. Hydraulic system

3. Preumatic system

4. Steam jeot avetem,

2.12. DUST COLLECTION

2.1Z.1. Introdoctiom

The peeducts of eombostion of coal-fed Ares contain particles of solid matter Aoating in gus-
pension. This may be smoke or dusl. Il smoke, the indieation la that combustion conditions are
faulty, and the propar remedy is in the dasign and management of the furnacs, Ifdust, the particles
are mainly fine ush particles called “Fiy-ask” intermixed with some quaptity of carbon-agh material
called *cinder®. Pulverised roal and spreader stoker fEring unifs are the princdple fyper caustng diffi-
eulty from this source. Other stokers may produce minor quantities of dust but generally not enough
to demand special pas cleaning equlpment. The two mentlomsed are troublesome becanse coal 18
burned in suspension—in a turbulent furnace abmosphere and every opportunity is effered for the
gas ko pick up the emaller particles and sweep them along with it.
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Die

UNIT-II
sel power plant

INTRODUCTION

Diesel engine power plants are installed where supply of coal and water is not available in
sufficient quantity or where power is to be generated in small quantity or where standby
sets are reguired for continuity of supply such as in hospitals, telephone exchanges, radio
stations and cinemas. These plants in the range of 2 to 50 MW capacity are used ascentral
stations for supply authorities and works and they are universally adopted to supplement
hydro-electric or thermal stations where standby generating plants are essential for starting
from cold and under emergency conditions.

In several countries, the demand for diesel power plants is increased for electric power
generation because of difficulties experienced in construction of new hydraulic plants and
enlargement of old hydro-plants. A long term planning is required for the development of
thermo and hydro-plants which cannot keep the pace with many times the increased de-
mand by the people and industries.

The diesel units used for electric generation aremore reliable and long-lived piece of equip-
ment compared with other types of plants.

ADVANTAGES AND DISADVAMTAGES OF DIESEL POWER PLANTS
The sdvantages and disadvanfages of dicael power plants are listed below ;
Advantages :

1

. Dosign and installation are very simple.

2. Can respond Lo varying loads without any difficulty.

a
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. The standby losses are lesa.

. Docupy less space,

. Can be started and put on load guickly.

. Beguire lass quantity of water for cooling purposes.

. Ohrerall capital cost is lesser than that for steam planta.

. Beguire less operating and supervising staff as compared to that for steam plants,

. The efficiency of such plants at part loads does not fall so0 much s that of 5 steam plant.

. The coet of building and civil engineering works is low,
. Can born fairly wide range of fuals,

12, These plante can be located very near to the load centres, many times in the heart of the
town

13. No problem of ash handling.
14. The lubrication aystem is more econcmical as compared with that of & steam power plant,

15, The diesel power plants are move ¢fficient than steam power plunts in the range of 150
MW capacity.

Disadvantages :

. High operating cost.

. High maintenance and lubrication cost.

. Diesal units capacity ia limited Theas cannot be constrineted in largs size,

. In & dissel power plant noise is o scriows problem.

- Digzel planta eannot supply cverlopds sontinuously whereas steam power plant can work
under 25% overlomd continuously.

. The diesel power plants are not economical where foel has to be imparted,
. The hife of a diesel power plant is quite small {2 to 5 years or bess) as com pared to that ol a
stoam power plant (25 to 30 years),
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3.3. APFLICATIONS OF DIESEL POWER FLANT
" The diese] power plants find wide application in the following fields ;

Peak load plant 2. Mobile plants
Btandby units 4, Emergency plant
Nursery station 6. Blarting stations

Central stations—where capacity reguired is small (5 to 10 MW}
Industrial concerng where power requirement is small say of the order of 500 kW, diesel
power plants become more economical due to thelir higher overall efMiciency,

3.4. SITE SELECTION

The following factars should he considered while salecting the site for o dissel power plant :

1. Foundation sub-ssil eondition. The conditions of sub-soil should be such that & founda-
tion at 8 reasonable depth should be capable of providing a strong support to the engine.

2, Access to the site. The site should be so selectsd that it is acceszible through rail and
road.

3. Distance from the load centre. The location of the plant should be near the load cantre.
This reduces the cost of transmizsion lines and maintenanee coet. The power loss is also minimized,

4. Availability of water. Safficient quantity of water ghould be available at the site
selacted.

5. Fuel transportation. The site salected should be near to the source of fuel supply so that

transpertation charges are low,

3.5. HEAT ENGINES

Any type of engine or machine which derives heat energy from the combustion of fuel or any
other sources and converts Ehis energy indo mechanical work i3 termed os o heat engine.

Heat engines may be classified into two main classes as follows :

1. External Combustion Engines, 2. Internal Combustion Engines,

1. External combustion engines (E.C. engines), In this case, combustion of fuel fokes
ploce outside the eylinder an in case of sfeam engines where the heat of sombustion I3 employed o

00 =] o GE e
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3.8.3. Exhaust System

Eefer to Fig. 3.3. The purpose of the exhaust system is to discharge the engine exhaust to the
stmosphere outside the building, The exhaust manifold connects the engine cylinder exhausts oot-
lets to the exhanst pipe which is provided with a moffler to rvedoce pressure in the exhanst ling and
eliminate most of the nolse which may result if gases are discharged directly into the atmosphere,

The exhoust pipe leoding oef of the building showld be shord in length with minimum number
af bendz and showld hove one or tera fexible fnbing sections whick take up the gfecte of exponsion,
and isclate the system from the engine vibration. Every engine should be provided with its independ-
erit exhaust syeteam.

Silenser
Expansian

joing Exhauwst manifald
[ 1_...]'_‘i l
]
[
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2
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The waste beat utilisation in a diesel-slerm gtation may be done by providing weste-tseni
boilers in which most of the heat of exhaust gases from the engine iz utilised to raise low pressure
steam. Such application is common on marine plants. On the sictionzry power plant the heat of
exhaust may be utilised to heat water in gos-to-water heat exchangers consisting of a watar codl
placed in exhaust muffler and wsing the water in the plant suitably, IT air heating is required, the
oxhaust pipe from the engine 18 surrounded by the cold air jacket, nnd transfers the heat of exhouast
gases to the air,

3.8.4. Fuel System

Refer to Fig. 3.4,

The fual oil may be delivered at the plant site by trucks, railrond tank cars or barge and
tankers. From tank car or truck the delivery is through the unloading faeility to main etorage tanks
nnd then by transfer pumps bo smnll service storage tanks known ns engine doy fanks, Large storage
eapacity allows purchasing fuel when prices are low. The main flow i made workable and practical
by arranging the piping equipment with the necessary heaters, by pasees, shut-offs, drain lines,
redief valves, strainers and filtors, flow meters and temperatore indicators, The actual flow plans
depend on tvpe of fuel, engine equipment, size of the plant ete. The tanks should contain manholes
for internal access and repalr, Al lines to receive oll, vent lines to discherge vapours, overflow
return bines for controlling oil flow and a suction line to withdraw oil. Coils Recled by hot water or
steam reduee ol viscosity to lower pumping power nevidy,

The minimum storage capacity of at least s month's requirement of oil should be kept in bulk,
but where advantage of ssasanal Muctustions in cost of ol i3 to be availed, it may be necosaary to
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provide storage for a few month's requirements, Day tanks supply the daily fuel need of engines and
may contain a mindrmam of about B hours of ofl requirement of the engines, Theee tanks are usually

placed high so that cil may flow bo engines under gravity.
Fusl unloading
lin

(O S »

(-

Dzy tanks

To enginas
Fig. 3.4. System of fuel storage far o diesel power plant.
For satisfactory operation of a fuel il supply system the following pointa should be taken
care af |

1. There should be provisions fer cleanliness and for changing gver of lines during emergeneies,

2. In all suction lines the pipe joints should be made tight.

4. Before being covered, all oil lines should be pot under air pressure and the joints Lested
with aoap eslution, Emall atr leaks into the line can be the source of exasperating operating
difficulbes and are hard to I'ﬂ:l'l:u!li‘jl' nee the ]11.:41.[: 18 I up:.r-.ﬁnn_

4. The piping between fAlter and the engine should be theroughly oil Mushed before being
first placed in service,

5. Consziderable importance shoold be given for cleanlinese in handling balk fuel oil, Dirt
particles will ruin the fine lap of injection pumps or plug the injection nozzle orifices, So
high-grade filters are of paramount importance to the diesel oil supply system,

3.8.4.1. Fuel injection system

The mechanical heart of the Diesel engine e the fuel infection system. The engine can per-
form no hetter than fts fuel infeetion svstem, A very small goantity of foe] must be meagored oot,
ifjected, atomised, and mixed with eombastion mir. The mixing problem becomes mere difficalt-—tho
barger the cylinder and faster the rotative speed. Fortunately the high-speed engines are the small-
bore automotive types ; however, special combustion arrangements such a5 precombustion cham-
bers, air cells, ete., are necessary to secure good mining. Engines driving electricoal generaiors have
fower speeds and simple combusiion chambers,
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8.8.4.2. Functions of a fuel injection system

1. Filter the fuel.

2. Meter or measure the correst-guantity of fuel to be ingectad.

3. Tirne the foel injection,

4. Control the rate of fuel injection.

5. Automise or break op the fuel to fine particles,

6. Properly distributs the fuel in the combustion chamber.

The injection eysteme are manufactured with great accuracy, especially the parts that actually
metar and inject the foel. Some of the tolerences between the moving parts are very small of the
order of one micron, Such closely fitting parts require special atbontion during manufacture and
hence the injection syetems are costly.

3843, Types of fuel injection systems

The fmllowing fual injeection systems are commonly used in diesel power station |

1, Comron-rail injestion system.

2, Individual pump injection eystem.

3. Digtributor,

Atomisation of fuel gil has been secured by (if air blast and (1) pressure spray. Barly diesel
gngines used air foel injection et about 70 bar, This is sufficient not only to inject the qil, bat slso to
atomise it for a repid and thorough combustion. The expense of providing an air compressor and
tank lead to the development of “solid” injection, using & liguid pressurs of between 100 and 200 bar
which is sulficiently high to atomise the ol it forees through epray nozzles. Great advances have
bean made in the field of 20lid injection of the fuel through research end progress in fieel pump, spray
nioezles, snd combustion chamber design.

3.9. OPERATION OF A DIESEL POWER PLANT

When diesel alternator sets are put in parallel, “hunting” or “phess susrging” may be pro-
duced due fo resonance unlegs due care is taken in the design and manufacture of the sets. This
condition acours due fo regonance betuven the periodie disturbing forces of the engine and natural
freguency of the sysfem, The engine forces result from oneven turning moment on the engine crank
which are corrected by the lywhee! effect. “Hunting” results from the fenderncy of eack sef rving fo
pull the ather info synchronism and is characterised by flickering of hghts.

To ensure most econcmies! operatton of diess! engines of different sizes when working to-
gether and sharing load it 1s necessary that they should carry the same percentage of thelr full load
capacity at all times as the fuel consumption woeuld be lowest in this condition. For best operation
poerformence the menufacturer's recommendations should be strictly followed.

In order to got good performance of a diesel power plant the following points should be iakan
care of :

1. It is mecessary to maintain the coofing femperature within the preseribed range and use of
vary cold water should be avoided. The cooling water should be free from suspended impuorities and
suitably treated to be scales and corrosion free, If the ambient temperature approaches freezing
paint, the cooling water should be drained oot of the sogine when it is kept idia.

2. During operation the lebrinatian system should work effactively and requisite pressurs and
temperature maintained. The engine oil should be of the correct specifications and should be in a fit
condition ta lubricata the different parte. A watch may bo kapt on the consumption of lubricating odl
a5 this gives an indication of the trus internal sondition of the enpine.
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3. The engine showld be pertodically rien eren when pot reguired fo be wsed and shauld not be
ailcwed to atond idle for more than 7 dieys.
4, Air frlter, od filters and fuel filters should be perisdically serviced or replaced as recom-
mended by the manufrcturers or if found fnan nnn.ﬂl:[ll.-l-uljf monditian upsn i.'nupbuﬂnn.
b. Perindical checking of engine compression and firing pressures and also exhawat tempera-
tures shoald be moede,
# The engine exhaust usually provides a good indieation of satisfacttry performances of the
engine. A black smoke in the exhaust iz a sign of inadeguote combustion or engine over-
[aeding.
» The loss of compression resulting from wegring pui of moving ports lowers the compression
rafip cpusing inodeguale combusfion. These defects can be choacked by taking indicator
dingrams of the engione afller reasonable intervals.

3,10, TYPES OF DIESEL ENGINES USED FOR DIESEL POWER PLANTS

The diesal engines may be four-stroke or two stroke cycle engines, The fe-stroke cyole engines
are favoured for diesel power plands,

Efforts are belng made to use "dual foel engines” in diesel power plants for batter economy
and proper use of evailable gaseons fuels in the country. The gas may be a waste product as in the
case of sewage treatment installations or oil fuals where the sconomic advantape is salf evident.
With the wider availability af noturnl gos, the dual fuel engines may become an attractve means of
utilising gas as fuel at aff-peak tariffs for the electric power peneration.

Waorking of Dusl Fuel Engines :

‘The warieus stroloes of g doal fuel enginoe sre e follows -

1. Buction stroke. During this stroke air and pas are drawn in the engine ¢ylindar.

2. Compression stroloe, During this stroke the pressare of the mixture drown is inereased.
Mear the end of this stroke the ‘pilat ofl’ ts injected info the engine cylinder. The compression heat
firat ignites the piles off and then gas mixture,

3. Working/power stroke. During this stroke the geses (at high temperature) expand and
thus power iz obtained.

d. Exhaust stroke. The exhaust gases are relaased to the atmosphere during the stroke,

3.11. LAYOUT OF A DIESEL ENGINE POWER PLANT

Fig. 3.6 shows the loyout of a diese] engine power plant.

Tha most common arrangement for diesel engines is with parailel centre lines, with some
room beft for extension in future. The repairs and usual maintenance works connected with such
engines necessitate sufficent space around the units and consideration should be given to the need
for dismantling and removal of large eompanents of the engine generator set. The air intakes and
filters ae well as the exhaust muffiers are located outside the building or may be separated from the
main anging retm by a partition wall, The latter arrangement is not vibration free. Adequate space
for oil storage and repair ehop as well as for affice sghould be provided close to the main enging room.
Bulk storage of ofl may be cutdeor. The engine room should be well ventilated.
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4.1. GAS TURBINES—GENERAL ASPECTS

Probably & windmill wes the first torbioe to prodoce useful work, wherein there is no pre-
compression and no combustion. The charscteristic features of & ges turbine as we think of the
name today include & compression process end & heat-addition (or combustion) process. The gas
turhine represents perhaps the most sofisfociory way of prodocing very large guantities of pourer
in o self-corntained and compact unii. The ges turhine may have an amples foture use in conjunc-
tion with the oil engine. For smaller gas turbine unita, the inefficiencies in compression and
axpansion processes become greater and to improve the thermal efficiency it is necessary to uae a
heat exchanger. In order thet & amall gas turbine may compete for economy with the small oil
engine or petrol engine it is neceasary that a compact effective heat exchanper be used in the pas
turhine cycla, The thermal efficiency of the pas turbine slone is still quite modest 20 to 30%
compared with that of & modern stenrm plant 38 to 40%. It e pozaibls to conatrect sombined plants
whose efficiencies are of the order of 45% or more. Higher efficiencies might ba attained in future.

The fallowing are the major fields of application of gas turbines :

1, Awiation

2. Power generation

3. 0/l and gas industry

4. Marine propulaion.

The efficlency of a gas turbine iz not the criteria for the cheice of this plant. A gee turbine s
uzed in awviction and marine dolde becaves i iz self confained, light weight not requiring cooling
water and generally fit into the overall shope of the siructure. 1t is selected for 'power generofion’
beemuize of (s simplicity, lock of cooling water, reeds quick installalion end guich werting. Tt iz
usmed in afl and gos tndusiry becwse of cheaper supply of fuel and low enstallation cast,

The gas turbines have the following “lmitations®

1. They are not eeif starting.

2, Low officioncies at part loads,
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3. Non-reverszibility.

4. Higher rotor speeds.

5. Low overnll plant efficiency,

In the last two decides, rapid progress has been observed in the development and improve-
ment of the gos furbine plants for electric poawer production, The major progress has been ob-
served in the following directions :

(i) Increase in unit capacities of gas turbine units,

#) Increase in their efficiency.

(i} Dirop in capital cant,

4.2. APPLICATIONS OF GAS TURBINE PLANTS

Gas turbine plants for the purpose of power plant engineering find the following applica-
Hona ;

1. To drive generators and supply peak loads in sbenm, diesel or hydroplants.

2. To work ad combination plants with conventional steam bodlers.

3. To supply mechanical drive for ameliarias.

# These plants are well suited for peak fpad service since the fuel costs are somewhat
higher and initial cost low, Moreover, peak load operstion permifs use of woder infeciion
wrhech increnses furbine work by abont 409 with aa increase th feal rate of abort 20%,
The short duration of increase in heat rate does not prove of any much harm.

# The combination arrangement of gas turbines with sonventional boilers may ba super-
tharging or for heat recovery from exhaust gases. In the supercharging sysiem air is
supplied o the boller under pressure by a compressar mounted on the common shafl
with turbine and gazes formed as result of combination after coming out of the boiler
pazs through the gas turbine befors passing through the sconomiser and the chimney,

#» The application of the gas turbine to drive the auxiliaries is not strictly included under
direct electric power ganeration by the turbines and weuld not be disoussed,

4.3, ADVANTAGES AND DISADVANTAGES OF GAS TURBINE POWER PLANTS DVER
DIESEL AND THERMAL POWER PLANTS
A Advantages Over Diesel Plants :
L The work developed per kg of air ie large compared with diesal plant.
2. Leee vibrations dus {o perfect balancing,
d. Less space Tequirements,
4, Capital cost considerably less.
&, Higher mechanical efficiency,
6. The running speed of the turbine (40,000 to 100,00 r.p.m.} iz considerably large comi-
pared to dissel enpine (L1000 to 2000 r.pom_ ).
. Lower {nstallation and maintenancs cosks,
. The torque characteristics of turbine plants are far better than dlesel plants.
« The ignition and lubrication eystems are simplar.
10, The specific fuel congumption does not increasa with time in gas turbing plant as rapidily
a8 in diesel plants.
11. Poor quality fuels can be used,
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Disadvantages
1, Poor part load efficiency.
2. Bpecial metals and ailoys are required for different components of the planta.
3. Special cooling methods are required for cooling the torhine Bades.
4. Short lifo,
B. Advantages Over Steam Power Plant :
1. Mo sch handling problem.
2. Low capital cost
8. The gas turbine plants can be installed at selectad load centre as epace requirement is
considerably less whers steam plant cannet be accommodated,
4. Fewer auxillares requiredfosed
6. Gas turbines can be built reletively guicker, They require much less space and civil
enginesring works and water supply.
&, The gas turbine plant as paak load plant is more preferable as it can be brought on load
quickly and surely.
7. The components and circuits of 8 gas turbine plant can be arranged to give the most

acongmic results in oy given circumstances which is not possible in case of steam
porer plants.
&, For the game pressure and Initis]l temperature conditions the ratio of exhaust to inlet
violorne woild be only 3.85 in cass of gas turbine plant as ageingt 350 for eteam plant.
8. Above 650°C, the thermal afficioncy of the gas torbine plant increases throe times os
fast the steam cyele efficlency for & given top tomperatare increase.

10. The site of the steam power plant is dictated by the availability of large cooling water
wherans an open cycle gas torbine plant con be located near the load ceritre ag nn cooling
water is required. The coaling water reguired for elosad eyela pas torbine ia hardly 10%
of the steam power plant.

11, The gas turbine plants can work quite econemically for short ronming bours.

12, Storage of fusl is much smaller and handling is easy.

d.4. SITESELECTIOM

While selectinig the site for & gas terbine plant. The following peints should be given dus
consideration

1. The plant should be located near the load centre to avoid tranemission coste and losses,

2. The site should be swey from busineas centres due b0 noisy operatipns.

3. Cheap and good quality fuel should be easily available.

4. Availability af labour.

b. Availability of means of Eransportation,

6. The land should be available at a chenp price.

7. The bearing capaeity of the land shecld be high.

4.5. THE SIMPLE GAS TURBINE PLANT

A gaa turbine plant may be defined as one “in which the principal primemover is of the
turbineg type and the working medium i o permanent gas®
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Befer Fig. 4.1. A simple gas turbine plant consists of the following :

1. Turbine.

2 A enmpresgor mounted on the same ghafl or ooupled to the torbine,

3. The combustor.

4. Auzilisries such as starting device, auxiliary lobrication pump, fuel system, oil systam
and the duet aystem afic,

hozzle Combustor Hot gas

Fig. 4.1. Arrangemant of s gimpls gea turbine plant.

A madified plant may have in sddition to above an infercooler, @ regensrator, a reheater etc.

The working fluid s compressed in a compresser which s generally rotary, mulkistage
typer. Heat energy s added to the compressed fluld in the chamber. This high energy fluid, at high
temperaturs and presssure, then expands in the turbine unit thersby genersting power. Fart of
the power penerated is consumed in driving the gensrating compressor and accessories and the
rest 13 utiliesd in electrical energy. The ges turbines work on open cyele, semi-clused cyele or closed
evcle. In order to improve efflcency, compresslon and expansion of workdng fluid is carrled out in
multistages,

4.6. ENERGY CYCLE FORA SIMPLE-CYCLE GAS TURBINE

Fig. 4.2 showe an energy-flow disgram for & simplecycle gas turbine, the descripdion of
which is as follows -

® The air brings in minute amount of energy (measured above 0°%C),
Compressor adds considerable amount of energy.
Fuel earries major input to cydle.
Bum of fuel and compressed-air energy leaves combustor to enter turbine.
In turbine smallest part of entering energy goes to useful cutput, largest part leaves in
exhaust,

Shaft energy to drive compressor is aboot twice as much os the useful shaft outpat,

Actually the ghaft energy keeps sireuleting in the cyele a8 long as the turbine runs. The
important comparison la the size of the oufpuf with the fuel npui, For the simple-cyelo gos
turbine the cutput may run about 20 per cent of the foel Iapul for pressure and temperature
conditiens at burbine inlet, This means B0 of the fuel energy I8 wasted. While the 20% thermal
efficiency is not too bad, it can ba improved by including additionsl Read recovery apparadus.

& & 8 @
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Nt
Fig. 4.2 Energy flow diegrom for gos-turbine unit.
4.7. PERFORMAMNCE TERMS

Same of the important terme used Lo messure pecformuncs of & gas turbine are defined as
follows

1. Pressure ratio. It is the ratio of cyvele's highest to its lowest pressure, usually highest-
pressure-com pressor discharges to the lowest-pressure-compressor inlet pressures.

2. Work ratio. It ia the ratio of network aubput to the tobal work developad in the burbine or
turbines.

3. Air ratio. Kg of air enfering the compressor inled per unit of eyele net outpat, for exam-
ple, kgkWh.

4. Compression efficiency. It is the ratio of work needed for ideal air compression through
i given pressure raonge to work acteally ueed by the compressor.

5. Engine efficiency. It is the ratio of the work actually developed by the turbine expamnd-
ing hot power gas through a given pressure range to that would be yielded for ideal expanaion
eonditiona.

& Maochine efficiency. It 1 the collective term meaning both enging efficency and com-
prossor officiency of turbine and compresser, respectively,

7. Combustion efficioncy. It i the ratio of heat actually releasad by 1 kg of fuel to heat
that would be released by complete perfiect combustion.

B Thermal efflcleney. 1t is the percentape of tolal energy mput appearing as net work
cutput of the grele.

4.8. CLASSIFICATION OF GASTURBINE POWER PLANTS

The gas turbins power plants may be classiffod necording to the following criteria ;
1. By application :

(£} In aircraft

) Jet propulsion {6} Prop-jets
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(if} Stationary

() Peak load unit ib} Standby unit
i) Bnd of tran=mission line unit {d] Base load unit
i) Industrial unit,

(i) Locomotive

(i) Marine

) Transport.

2. By oyole :
(i} Open cycle (iz) Closed cycle
(Eii} Bami-cloged cycle,

4. Apcording to arrangement :

(i} Bimple i) Bingle shaft
(iEiy Multi-shaft {iv) Intercocied
(v} Reheat (i} Regenerative

{weid Combination.
4, Ascording to combustlon ;

(0 Continuoas epmbustion (i} Intermittent combustion.
B. By fuad 1

1) Salid fael (1) Liguid foel
(i} Gagesus fual,

4.9. CLASSIFICATION OF GAS TUREBINES

The gas turbines are mainly divided into two groups ;
1. Congtant pressure combustion gas turbine
ia} Open cyele conetant pressure gee turbine

() Closed cyele constant pressure gas turhine.

2. Constant volume combustion gas turbine

In almost all the fields open cvele pas furbine plants ore wsed, Closed cvele plonis were
iptroduced af ene sfoge becauss of their ability to burm cheap fuel. In between their progresa
remained slow because of aveilability of cheap oil and natural gas. Because of rizing oil prices, now
again, the attention is being paid to clossd eyole plants.

4.10, COMEINATION GAS TURBINE CYCLES

4.10.1. Combined Turbine and Steam Power Plants

The characteriatics of the gas turbine plants render these plants very well suited for use in
combination with steam or hydro-plants. These plants can be quickly started for emergency or
peak lead service, The combination ‘gos-furbine-steam cvoles’ wim of wiilising the heat of exhoast
gases from the gos turbine and #thes, improre the overall plani efficiency.

Threa popular desipns of combinstion cyele comprise of -

1. Healing feed water with exhausl gases.

2. Emplaying the geses from a supercharged boiler to expand in the gas turbine.

3. Employing the gases as combustion air in the steam boller,
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3. Employing the gases as combustion air in the steam boller :

Refer Fig. 4.5. When exhaust gases are used as preheated air for combustion In the bo
an improvement of about 5 percent in overall heat rate of the plant results. The bailer is fed 1
supplementary fuel and sir, and is made larger than the conventional furnace. If only the tur
exhaust is used in the furnase without any supplementary foel firing, the arrangement becom
waste heat boiler.

To chimney

Economizar

gase
—
e — j/ Compressor
Ek'ﬂ}- harbine

Combustar
Fig. 4.5. Use of pxhaust gases for combustion in the furmascs of the steam plant.

» Fig. 4.6 shows the gain in heat rate due to combination cycle,
# Fig. 4.7 ahows the comperison of & steam and closed cycle gas plant.
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4.10.2. Combined Gas Turbine and Dicsel Power Plants

The perfirmance of & diese] engine can be improeed by combining it with an exbaust driven
gas turbing. It can be achigved by the following three combinations ;

1. Turbo-charging.

2. Gas-generator,

3, Comprund engine.

1. Turbo-charging :

Refer Fig. 4.8, This methed is known s supercharging, Hers the exhaust of the diessl
engine ie expanded in the gas burbine and the work output of the gas turbine is utilised to run a
compressor which supplies the pressurised air to the diesel engine to increase its output. The load
i coupled to the diesel engine shaft and the output of the gas turbine is just sufficient to run the

COFMTASEIT.
I Fowar
Clizsel engina
ANer oLt
cooler
c T
& 1
Adr Exhast
Fig. 4.8. Turbe-charging
2. Gos-genorator

Fig- 4.9 shows the schematis arrangement. Here the compressor which supplies the som-
pressed air to the diese] engine is not driven from gas turbioe but from the disse] engine through
some suitable drive, The output of the dizsel engine 15 consomed in doving the air compressor and
thve gas turbine supplies the power.

Air
Pawar
output
+— T <
After - e
=i e
L 3 i
L J [ ]
Dipssl enging
Fip. 4.8, Qas-penerator.
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4.13. COMPONENTS OF A GAS TURBINE POWER PLANT

The main components of o gns turbine power plant are enumersted and discussed as
follows :

1. Gas turbines

2. Compreasors

4, Combostor

4. Intercoclors and regenerators.

1. Gas turbines :

A furbine basically employs vanes or blades mounted on a shaft and enclosed in a casing.
The flew of fluid through the furbine in most desion @2 oxial and bergential to the rodor at a
nearly constant or incressing radivs. The baeic requirements of the turbines are @ (i) Light
weighs (i) High efficiency (i) Reliohility in operation and {iv) Long working life. Larpe work
output can be ebtained per stage with high blade speeds when the blodes are designed to sustain
higher siresees. More sfages of the turbine ore aliwcys preferred in gos ferbing pomer plose
becatise & helps fo reduce the stresses in the Blades and increnses the overall life of the turkine,

. It is essential to cool the gas turbine blades for leng life as these are continuously subjected
to high temperature gases. The blades can be cooled by different metheds, the common method
bemg the aircosling. The air is passed through the holes provided theough the blade,

The following secessories are fitted to the turbine :

(e] Tachomefer. It shows the spesd of the machine and alse actuates the fuel regulstor in
case the apeed shoots above or falla below the repulated speed, 8o that the fael regulater admits less
or more fuel into the combustor and varies the turbine power gerording to the demand. The ta-
chometer iz driven through a gear bozx.

(i) An evergpesd governor. The governor backs off fuel feed il exhaost temperature from the
turbine exceeds the safe limit, thermal switches at the turbine exhaust acting on fuel control to
maintain pressnt maximum temperatore.

(i) Lubwicating odl pump. Tt supplies ail to the bearings under pressure.,

{ilv) Btartlng motor or engineg

{v) Starting set-up gear

{wd) Gl coolers

froi] Filters
(piii} Inlet and exhaust mufflers.

2. Comprassors :

The compressors which are commonly used are of the following two types :

1. Centrifligal tipe.

2. Axial flow type.

o The ‘cenirifugal compressor’ consists of o §mpeller mod & diffuser. The impeller
imparts the high kinetic energy fo the odr and diffeser converts the Rinelic energy
into the pressure energy, The pressure ratio of 2 to 3 is possible with single stage
enmpressor and it can be increased upts 20 with 3-stage compresser. The compreasors
may hove gingle or double inlet. The single inlet compressors are designed to handle
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_;'ulﬁ impelers o

Fig. 4.13. Muolti-atngas singla fow nrial compressor.

An axial compressor is capable of delivering constant valumes of air over varying discharge
pregrures. Theese machines are well sulted for large capacities at moederate pressares, If the impeller
of acentrifugal compressor is designed to give an axisl component of veloaty at the exit, the design
becsmes & mixed fTow fvpe.

3. Combustor |

The primery fanction of the combuster is fo provide for the chemical reaction of the feel and
air heing supplied by the compressor, [t muost fulfil the following conditions

(i) Combustion must take place af high efficlency because of the effect of the combustion
efficiency on the thermal efficiency of the gas turbine eycla,

(i) The pressure losses must ba low,

(ig) Ignition must be reliakle and accomplished with sase over a wide range of atmoepheric
conditon especially [n aireraft installation,
(i) Thorough mixing of fuel and air,

(i) Carbon deposits must oot be formed vnder any conditions,

The physical process of combustion may be divided inte four important steps :

1. Formation of reactive mixture

2. Ignition

3. Flame propagation

& Cooling of combustion products with air, Atomisstion ehould be done for perfect buming,

Fig. 4.14 shows on armangement of o typleal combustor design which employe an onter
eylindrical shell with aconical inner slecee which is provided with ports or slots along the length. At
the cond apex iz fitted o rozsle throogh which fusl i sprayed in a eonical pattern into the sleeve and
near this 15 anigniéiwg derier or spark plog, A foel line convers the feel ta the nozzle. A few air ports
provided close to the situation of the nozzle supply the combustion air divectly to the fusl and are
fitted with vanes to produce a whirling motion of oil and therehy create tarbulence. The rest of tha
air admitbed abead of combustion gone serves to eeol the sombustor and outlet gases. The combusbor
is bast located betwean the compressor outlet and turbine inlet and takes the shape of 2 cylinder.
Alternatively, the ‘can’ arrangement may be used in which the flow is divided to pass through a
number of smaller cylindrical chambars. In this latter desipn the adjscent chambers may be
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d.14. VARIOUS ARRANGEMENTS OF GAS TURBINE POWER PLANTS

The variug arrangements of gas turbine plants are shown in Figs, 4.17 to 4.232,

Exhansi
R s &

Air in — | . Power oulpd
—....

H.PT. = High prassure luibine C.C. = Combusizn chamber
L.PT. = Low pressira turhing G = Gompaeasar
H.E. = Heal aschange:

Fig. 4.17. Open cycla gns turhing wilh separuls power turbine,

Fag 21% Rarivw lowr gus lecrhine pland

Fabaiai

HE

1

HET,

LIPEC = Lw piosmun Corprmmscs
FLPL. o Hai S s oo s

Fli. 418 Pesabed Srw g furbian ploed
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UNIT-1V
Hydro-Electric Power Plant

INTRODUCTION

# In hydro-electric plants energy of water is utilised to move the turbines which in turn run

the electric generators. The energy of water utilised for power generation may be kinetic
or potential. The kinetic energy of water is its energy in motion and is a function of mass
and velocity, while the pofential energy is a function of the difference in level/head of
water between two points. In either case continuous availability of a water is a basic
necessity ; to ensure this, water collected in natural lakes and reservoirs at high altitudes
may be utilised or water may be artificially stored by constructing dams across flowing
streams, The ideal site is one in which a good system of natural lakes with substantial
catchment area, exists at a high altitude. Rainfall is the primary source of water and
depends upon such factors as temperature, humidity, cloudiness, wind etc. The useful-
ness of rainfall for power purposes further depends upon several complex factors which
include its intensity, time distribution, topegraphy of land etc. However it has been ob-
served that only a small part of the rainfall can actually be utilised for power generation.
A significant part is accounted for by direct evaporation, while another similar quantity
seeps into the soil and forms the underground storage. Some water is also absorbed by

CLASSIFICATION OF HYDRO-ELECTRIC POWER PLANTS
Hydro-electric power stations may be classified as follows :

A. According to availability of head :
1. High head power plants

2. Medium head power plants

3. Low head power plants.

B. According to the nature of load :

1. Base load plants

2. Peak load plants.

C. According to the quantity of water available :
1. Run-of-river plant vzitho.c pondage

2. Run-of-river plant with pondage

3. Storage type plants

4. Pump storage plants

5. Mini and micro-hydel plants
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A According to avoilability of head :

The following figwres give a rough idea of the heads under which the various types of planta
work ¢

() High head powoer plents 100 m and above
(i) Meadium head power plants 30ta 100 m
(5} Low head power plants 25 to 80 m.

Mota, 1t may be noted that Sguree ghiea above overlap sach cther, Therefore it @ diffieult to classfy the

plants direcily cn the basia of hend alone. The besis, therelors, technically sdopied is the specific speed of the
turhbine wied for & partisalir plan

5.6.1. High Head Power Plants

These types of plants work under heads ranging from 100 to 2000 metres. Water ia nacally
gtored up in lakes on high mountaing during the rainy season or during the season when the snow
melts, The rete of flow should be sech that water can last throughout the year.

FPig. 5.2 shows high head power plant Inyout. Burplus water discharged by the spllway can-
not endangoer the stability of the main dam by erogion because they are separated. The tunnal through
the mountain has a surge chamber excavated near the exit. Flow is controlled by head gates at the
tunnel intake, butterfly valves at the top of the penstocks, and gate valves at the turbines. This type
of site might also be suitable for an enderground station,

The Pelton wheel i the common primemover ueed io high Aeed power plants.

Fig. 5.2 Eﬂhﬂmphﬂlmﬁﬁmﬁm epillway, and powerhouase
at widaly separatsd locations. Water flows from the reservoic

through a tunnel and peostecks to the turkines.
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5.8.2 Medium Head Power Flants

Refer Fig. 5.3, When the sperating head of water Hes betoreen 30 to 100 metres, the pawer
plant is known o medium head power plant. This type of plant commonly Gees Francis irbines, The
forebay provided &t the beginning of the penstock serves ms watsr reservoir, In such plants, the
water s generally carried in open canals from main reservoir to the forebay and then to the power-
house through the penstock. The forebey itaelf works an a surge tank in this plant.

Fig. 6.8, Medium hesd power plant lapout.

5.8.3. Low Head Power Flants

Feler Fig. 5.4, These plants usually consist of a dam across & river. A sidewsy stream di-
vorges from the river at the dam. Over this stream the power house is constrocted. Later this chan-
nel joing the river further downstream. This type of plant uses vertical shaft Francis turbine or

Kaplan tarbing,

QR

Forebay
Fig. 5.4. Low hand power plant layout.
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B. According to the nature of load :
5.8.4. Hase Load Plania

The plants which cafer fo the bose load of the systom are colled base Jlond plants. These
plants are required to supply @ constan? power when connected to the grid. Thus they run pethous
stop and nre often remobe-controllsd with which leost siaff s required for such plants. Run-ofsriver
plants without pondage moy sometimen work as baseload plant, but the firm capacity in such cascs,
will be much loss.

G.6.5. Peak Lond Plants

The plarnts which con supply the power during peak [oads are knoun as peak load plants.
Some of such plants supply the power during average load but also supply peak load as and when it
is khore ; wherens other peak load plants are required to work during peal load hoors only, The run-
of=river plants may be made for the peak load by providing pondage.

C. According to the quantity of water availabls @
5.8.8. Run-of-river Plants withoot Pondage

A run-of-river plant without pondage, as the name indicates, does not store water and uses
the water as it comes. Thers is no control on flow of water so that during high fleoda er low loads
water i wasted while during low run=off the plant capacity iz considerably redoced. Due to non-
unifsrmity of supply and lack of assistance from a firm copacity the utility of these planis iz much less
than those of other types. The head on which these plants work varies considernbly, Such aplant can
be made 8 great deal more usefal by providing sufficlent atorage st the plant to take care of the
hourly fluctuations in load. Thie lends some firm copacily to the plant, During peod fiow condltions
ihese plants may cater to base load of the system, when flow reduces they may supply the peak
demands, Hend water elesmiion for plant Tuciuates with the flow conditinns. These plants without
storage may sometimes be made to supply the base load, but the firm capacity depends oo the
minimurm fow of river, The run-of-river plant may be made for load service with pondage, though
storage is usually seasonal.

5.6.7. Run-of-river Plants with Pondage

Pondage nsually refers to the colleetion of water behind a dem at the plant and inereases the
siream capacity for a ghert period, ssy a week. Storage means collection of water in up stream
reaervoirs and this increasea the capacity of the stream over an exterded perlod of several montha.
Slorages plants may work satigfactorily ag base load and paak laad plasis.

This type of plant, as compared to that without pondage, is more reliohle and its generating
capacity i less dependent on the flow rates of water auaileble,

5.8.8. Bitorage Type Plants

A storage type plant is eoe with & regervolr of suilficiently large size to permit carcy-over
starage from the wet reason to the dry reasen, and thus to supply firm flow substantially more than
the minimum natural fow. This plant can be weed a8 base load plant as well as peak load plant as

water ia avallable with cantrol as reguired. The majerity of hydeo-elecizie plants are of this type,
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5.6.9. Pumped Storage Planta
Refer to Fig. 5.5.

Fig. 5.5, Pumped atorage plant

Pumpad storage plants are employed ot the places where the quantity of water available for
power generation is inadeguates. Here the water passing through the torbines is ghored in el roce
pond”. During low load periods this water iz pumped back to the head reservoir using the extra
energy available. This water can be again used for gpenerating power during peak load perioda.
Pumping of water may be done seasonally or daily depending vpon the conditions of the site and the
nature of the load on the plant.

Such plants are wsually intereonnscted with steam or diesel enging plants so that off peak
capacity of interconnecting stations ie used in pumping water and the same is used during peak load
poniods, OF course, the energy aveileble from the quanbty of water pumped by the plant 15 less than
the energy input during pumped operation. Again while using pumped water the power apailaobls is
reduped on account of losses cocuring in primemovers.

Advantages. The pomp al:.nrngu:'plunu entail the following eduvandages |

L. There is suhstantial increase in peak load capacity of the plant st comparatively low
capital cost.

2. D to load comparable to rated load on the plant, the operating efficiency of the plant ia
high.

3. There 15 an improvement in the load factor of the plant.

4. The energy available during peak load periods is higher than that of during off peak
periods so that mspite of losass incurred in pomping there is over-all pain.

5. Laad on the hydro-electrie plant ramaine uniform.

. The hydro-electno plant becomes partly independent of the stream flow conditions,

Under pump storags projects almost 70 parcont power used in pumping the wator ean ba
recovared, In this field the use of “Reversible Turbine Pump® units is also worth noting. These units
can ba used as turbine while pensrating power and as pump while pomping water to storage, The
generator in this case works as motor during reverse operation. The afficiency in such case is high
and almost the same in both the aperations, With the use of reversible turbine pemp sets, additional
capital investment on pump snd its motor can be zaved and the scheme can he worked more
econoemically.
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5.7. HYDRAULIC TURBINES

A hydraulic turbine converts the potential enargy of water into mechanical ensrgy which in
turn is utilised to run an electric generator to get electric energy.
6.7.1. Classification of Hydraulic Turbines
The hpdraulic turbines are claseified s follows
(i) According to the heed and quantity of water availabla.
(&} According te the name of the originator,
(iii} According to the action of water on the moving blades.
(iu} Ascording to the direction of Aow of waler in the runner.
(v} According to the disposition of the turbine shaft.
(i} According to the speciflc speed N
L. Actording to the hesd and quantity of water mvailable ;
(i} fmpalee furhine—reqoires high fead and small quantity of fTow.
(i} Reaction turbine—requires low Aed and kigh rate of flow.

Actoally there are two types of reaction turbines, one for medivm head and medium flow and
the other for low head and large flow.

2, According to the name of the originator :

(i) Pelton furbine—named after Lester Allen Pelton of California (UTSA), It is an impulse type
of turbine and i used for Aigh kead and low discharge.
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B. Propeller and Kaplan turbines

e The need to utilize low heads where large volumes of water are available makes it essen-
tial to provide a large flow area and to run the machine at very low speeds. The propeller
turbine is a reaction turbine used for heads between 4 m and 80 m, and has a specific
speed ranging from 300 to 1000. It is purely axial-flow device providing the largest possi-
ble flow area that will utilize a large volume of water and still obtain flow velocities which
are not too large.

e The propeller turbine (Fig. 5.9) consists of an axial- =
flow runner with four to six or at most ten blades of
air-foil shape. The spiral casing and guide blades are
similar to those in Francis turbines. In the propel-
ler turbine as in Francis turbine the runner blades
are fixed and non-adjustable. However in a Kaplan
turbine (Fig. 5.10), which is modification of propel-
ler turbine the runner blades areadjustable and can
be rotated about pivots fixed to the boss of the run-
ner. The blades are adjusted automatically by servo-
mechanism so that at all loads the flow enters them
without shock,

e Kaplan turbines have taken the place of Francis tur- Fig. 5.9. Propeller turbine.
bines for certain medium head installations. Kaplan
turbines with sloping guide vanes to reduce the over-
all dimensions are being used,
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Comparison of hydraulic turbines ;

L. Francis turbine vorsus Palion wheal ;
The Francis turbine claims the following advanéages over Pelton wheel ;
1. In Francizs turbhine the variation in the cparating head can be more easily controlled.
2. In Francis turbing the ratio of meximum and minimum operating heads cen be even two,
3. The operating hend can be utilized even when the variation in the tail water level is
ralatively large when compared to the total head.
4, The mechanical efficlency of Peltan decreases faster with wear than Franeis.
5. The size of the ruoner, generator end powerhouse required is small and coonomical if the
Franciz turbine is used instaad of Pelton wheel for esme power generation.
Drawbacks of Francts furbine ;
As compared with Pelton wheel, the Franecis turbing has the following drambecks @
1. Water which is pot clean can caose very rapld wear in high head Francis turbine.
2. The overhaul and inspection is much more difficult comparatively.
3, Cavitation is an ever-present danger,
4. The water hammer effect is more troublesome with Francis turbine.
8. If Franeis turbine is run belew 50% head for a long peried it will not ooly lose its efficienay
but also the cavitation danger will becomae more sericus,
1. Eaplan rersca Franols turbine :
Kaplan tarbine claims the following advontages over Prancis turbioe -
1. For the same power developed Eeplan turhine is more compact in construction and smaller
in sige.
2. Pavt-load efficiency is conaiderably high.
3. Low frictional losoes (because of small number of blades used),
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5.7.3. Specific Speed of & Turbine

The specific xpesd of a turbine iz defined ag the apeed of o turbine whick i identical in shape,
gesmetricel dimensions, blade angles, gote opening efc., with the actual furbine but of such o sze fhat
it will develop wnid horse potwer wher working wider unit head

Specific speed N, = —— NP

Y
iwhere P is in kW and H in metres)

W (8L Unita) = 0.86 N (metrie]]

Specific speed plays an important role for selecting the type of the turbine. Also the perform-
ance of a burbine can be predicted by knowing the specific apesd of the burhine.

To compare the characteristien of mechines of differant typea, it is necesanry to know a char-
acterigtic of an imeginary machine identical in shape. The imaginary turbine ia called a gpecifie
tarbing. The specific spesd provides a mesns of comparing the speed of all types of hydraulic tar-
bines on the basis of head and horse power capacity.

If a runner of kigh specific speed is used for a given head horse power output, the sverall cost
of installation is lower. The salection oftoo high specific speed reaction runoer would reduce the size
of the runner to such an extent that the discharpe velacity of water into the throat of draft tube
would be exceseive. This is objectionable becanse a vecunm may be created in the extreme case.

The runner of too kigh specific spead with avallable head increases the cost of furbine on
aceount of high mechanical strength required. The runner of too loer specific speed with low avail-
able head increases the cost of gemerator due to the low turbine spaad,

An Encredse in apecific apead of turbine & greampanied by barer fnaaimurm sfficlency and greader
depth of excavetion of the draft tebe. In choosing » hagh specific speed turbine, an incrense in cost of
excavation of foundation and draft tube should be considered in addition tothe effidency. The weightod
efficiency over the operating range of turbine is more important in the selection of o turhine instead
of maximum officiency,

Tahble 5.1 gives the specific speeds for various turbines.

Example 5.1, The following data relate to o proposed hydro-electric station ;

Availalle head = 28 m ; Colchment area = 420 5q, fm . relnfoll = T40 cmlyear | pereentoge of
total rainfoll utilized = 88% ; Penatock effictency = B4%: ; turkine effictency = 50% ; gencrator efficiency
= 84% and load feckor = 44%.

(i) Colcwlote the power derelpped.
it} Suggest suitable mockines and specify the same.
Solution. Head available, H=28m

Catchment ares, A =420 pg, km (= 420 % 105 m®)
Rainfall = 140 emfyear (= 1.4 m)
Rainfall utilized, i = B8% of the total rainfall

& (LGB = 1.4) m per year
Penstock sfficiency, n, = 4%
Turbine efficiency, T, = Bl
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Generator efficiency, n, = 54%

Load factor = 44%.

(i) Power developed, P 1

Guantity of water available per vear
A x ks (420 = 10% % (0,68 = 1.4}
= 389 .84 » 10° m?

Henece the quantity of water available per second,

3994 x10*
% = (355 x 24) = 3600
.- P=n,=w@H (where n,=Overall efficiency =mn, «n, =7
i F"“.p““."“‘twﬁ
=084 w08 %084 x D81 x 126« B8 = 2186 kW
Hance aperoge oulput of generating units = 2188 kW, (Ans.)
(i} Machines to be used :
2186

Tutﬂraﬂngunfgmum:mmﬂﬁﬂk?
Providing twe mochines of egqual rating,

Capacity of each unit =
" 2 %084

Aa the mj'l-nblnhﬂd i low, Kaplan turbines {propeller type) are suggested, each having a
mwmwﬁﬂié%h aceailable for o Aydre-power plant ;

Availabie hoad = 140 m | catchment area = 2000 &g km ;) anngol sperage rainfall = 145 em
turbine efficiency = B6% ; generator efficiency = 80% ; percolotion and evaporation losses = 6%,

Dietermine the following

fi} Power developer],

(Ei) Suggest type of turbine fo be wsed if runner speed is to be kept below 240 r.p.m.

Solutiom. Head availabla, He=140m

=126 m?

= 2957 ench.

Catchment area, A = 200 sq. km (= 200 = 10* m?)
Anmunl average rainfall, fi = 145 cm {= 145 m)

Turbine efficency, n, = B5%

Generator efficiency, T, = 90%

Pereolation and evaporation lasses, = = 16% = 0.16
i) Power developed, P:
Quantity of water available for power generation per year
= A whx(l=z)
= 200 % 10% % 1.45 x (I = 0.16) = 2436 « 107 m/year
Hence, quantity of water available per second,

Q= ZASBX DT ooy e

(60w 24) x 3600

P=n,= wQH
=1, =7, x wlf
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= (LBH W (L0 = BAL = 7,72 = 140
= B111 kW or 111 MW, (Ans.)

(i1 Type of turbine to be used :
NJP  za0a001

Single Pelton turking with 4 fets con be msed. Further, since kend avaidlabls iz lorge and diz-
charge ix low, Pelion furbine will work satisfactarily.
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UNIT-V

A plenty of energy is needed to sustain indostrial growth and agricultural prodoction. The
existing sources of energy such as copl, oil, uranium ete, may oot be adequate to meet the ever
increasing energy demands, These conventional sources of energy are aleo depleting and may be
exhausted nt the end of the century ar begioning of the next eentory. Consequently sincere and
untiring efforts shall have to be made by the scientists and engineers in exploring the pessibilities of
hasnesaing enerpy from several non-sonventlonal energy sourees, mmﬂmmnm-mmmmﬂm

gourees are as follows
(i) Balar cnorgy (L) Wind anargy
(i} Energy from biomass and bioges (i) Ceean thermal energy conversion
() Tidal encrgy (i) Geothermal eneriy
ivf) Hydrogen energy {1dif} Fuel ells

{ix} Magnato-hydrodynamics penerator iz} Thermionic convertar
iz} Tharmo-electric power.

Advantages of non-conventional energy sources :

The leading cdvaatages of non-rapveniiona! energy sources are ;

1. Thiey do not pollute the stmoesphere,

2. They are available in large quantities,

5. Th:]r are well surbed for decentralised 1.

According to energy cxperts the non-conventional energy sources can be used with advantags

for power gemerption g5 wall s other spplications in a large number of locations and sitoations in
our country,
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T2. WIND POWER PLANTS

T.2.1. Introduction

Thie slectrical energy oan be genorated by wind enengy. The wind enargy, which is an indirect
rouree of enengy, can be weed to ran & wind will which in turn drives a generatar to produce electric-
ity. Although wind mills have been used for more then & dozen canturies for grinding grain and
purvping water, intarest in large scale power generation has developed owar the past 50 years. A
Iprgest wind generator built in the past was 500 kW unit operated in France from 1958-60, The
flexible 3 blades propelier was abont 36 m in dismeter and produced the rated power in a 60 km!

hour wind with a rotation spoed of 47 ropom. The mazimum power developed waa 12 MW, In India
the intersst in the wind milla was shown in the lagt fifties and eardy sixtios. Apart from importing a

fow firom oukside, new dogigns were alzo developed, but they did net sostain, It = only in last 10—15
years that development work is going oo in many institutions, An imporiant reason for this lack of
interest [n wind energy must be that wind, im India is relatively low and vary appreciable with
seasons, Theee low and seasonsal winds imply a high cost of exploitaticn of wind energy. In our
country high wind spestls are howesver available in coastal areas of Sournshira, Western Rajsthan
and some parts of eenteal India. In these aress there could be a popsibility of vsing mediom and
larze sized wind mille for penaration of electricity.

Characteristics of wind snergy

1. Wind-power systems do not pellute the stmosphers,

2. Fuel provision and transport are 0ot required bn wind-power syalems.

4. Wind energy iz a renswable source of snergy.

4, Wind energy when prodoeed on small seale is cheaper, but competitive with conventional
power penerating systems when produced on a lergs seals.

Wind encrgy entatls following shorteomningalproblems |

1, It ip fluctuating in neture.

2. Dae to its irregularity it neads storage devices.

4, Wind power generating systems produce ample rofse,

7.2.2, Wind Availability and Measurement

Wind energy can anly be economical in aress of good wind pvnilabality. Wind energy differs
with region and season and also, poszibdy to an even greater degree with loeal terrain and vepata-
tion, Although wind speeds generally incresse with height, varying speeds are foond over different
kinds of terrain. Observations of wind speed are carried oot at metearolapical stations, airports and
lighthouses and are recorded regularly with ten minube mean valoss being taken every thres hours
at g height of 10 m. But airports, sormelimes are in valleys and many wind speed meters are siteatasd
low and combinations of various, other factars mean that reading can be misleading, Tt ks difficulk,
tharefore, to determine the real wind spoed of 2 certain place without actual in-situ messurements,

The World Metearelogical Organization (WO} hae seeepled foor mothode of wind recond-
ing :

1] Homan observation and IEE bk

{61 Mechanical cup-counter anemometears,

{idi) Data bogger,
(i) Continvouws record of velocity and direction.
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1. Human obeervation and log boole, This invelves wsing the Beaufort Seale of wind
gtrengthes which defines visible "symptoms” attributable to different wind speeds, The methed is
cheap and eesily implemented but 12ofen unrelizhle. The beet that can ba sald of such records ie that
they are better than nothing,

? Mechanical cop-counter anemometers. The majority of metecrological ststions uas
mechepical cup-counter ansmometers, By taking the readings bwice or three times aday, It is possi-
ble to estimate the mean wind spead. This iz 4 loe cost methad, bl s ondy relativedy rellable. The
instrument has to be in good working eoder, it has to be correcily sited and shoeuld be reliakly read at
least daily.

3. Data logger. The cquipment summarizes velocity frequency and direction, 1t is more ex-
pensive and prons fo techrice! fallures bud glves aeonrate data. The method ta tatlored o the praduc-
tian of rendily interpretable data of relevance to wind energy asseasment. It does not keep & time
series record but presenss the dala in processed form.,

4, Continvous record of velocity and direction. This is how data is recorded al major
airports of permanently manned metearologbeal stations. The egueipment s expensive and fechni-
cally complex, bat it retains o detailed timas-series record (second-by-sscond) of wind direction and
wind specd. Results are given in copious quantities of dats which require lengthy and exponcive
analyais.

7.2.3. Types of Wind Mills

The varicus pes of wind mille wh igh are practically wseful are shown in Fig, 7.1,

1. Multiple blade typo. It is the most widely used wind mill, It has 15 to 20 blades made
From medal phsts. Tha sedl fppe hom three blades mode by stitching oot trinnguelar pieces of convoss

cloth. Both these types run at low speeds of 60 to B0 r.pm.

2. Bavomiua type. This iype of windmill has hollow cireclar cylinder sliced in half and the
halves are mounted on vertical shaft with a gap in between. Torgue Is produced by the prossare
differenes botween the bwo gides of the balf fecing the wind. Thie (s quite efficlent but needs a large
surfioe aree,

4 Darrieus type. This wind mill needs moch less surface ares. It s shaped like an egyg
beater and has two ar three blades shaped like aerofoils.

It ey be nobed that ©

= Both the Bavonius and Darrieds bypes are mounted oo o vertiond azis and hence they can
run independendly of the direction of wind,

— Tha horizontal axis mills have to foce the direction of the wind in order to gonerate powar.

Performance of wind mills :

The performanes of  wind mill iz defined as ‘Co-afficient of performeance’ (K 1

Power delivered by the rotor
Kl-"‘ ® Maximum power avatlsbbe in the wind
+ [ L. P
or, e e
[ PH'H:I.I %MU'H

where, p= Dansity of air,
A = Bwept area, and
U, = Velooity of wind,
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Fourtdade Dulch wind mill

—y

Alrfall g7 s

Jj

Propeller type Darrieus fypa
Fig. 7.1. Types of wind mills.

Fig. 7.2 shows a plot between I’ and bip speed ratio 0L
where U = Bpeed of blade tip.

It can be geen that K is the Inwest of Szvonius and Deteh types wherens the prapeller types
hoape the highest yalue,

In the designing of wind mills, it is upper most to keep the power to weight ratio of the lowest
possible level,
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Ideal rotor

m

X 0.3
Darrieus
(3 blade)
0.2
Dutch
01
0 1 1 1 I 1 1
0 1 2 3 4 5 6 7

Tip speed ratio U, /U, —»
Fig. 7.2. Kp of wind mills.
7.2.4. Wind-Eleetric Generating Power Plant

Fig. 7.3 shows the various parts of a wind-electric generating power plant. These ares :
1. Wind turbine or rotor.
2. Wind mill head—it houses speed increaser, drive shaft, clutch, coupling etc.

P Wind
Blade«\
Transmission
{Speed increaser, drive shatft,
cluich, coupling elc.)
\ 1
Hub H K
/O
Y F 4
Wind turbine \ Electrical
generator

Structure

i Control building |

Fig. 7.3. Wind-electric generating power plant.
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3. Electrical gooverator.

4, Bupporting structurs,

— The most important component is the retor. For an effective utilization, all components
should be properly designed and matched with the resl of the compoments.

— The wind mill head performs Ehe following functions |

(i1 It supports the rotor housing and the rotor bearinge,

(i#3 It alsn houses any control mechanism incorperated like changing the piteh of the blades

for aafaty devices and tail vane to orient the rotor to face the wind, the latter is facilitated by mount-
ing it om tho top of the supporting structure on suitable bearings,

— The wind turbine may be lecated either unwind or downiingd of the power. In the un-
wind lecation the wind encounters the turbine before reaching the tower. Downwind
rotors are generaily preferred especiaily for the large aerogensrators.

— The supporting structure i& designed to withstand the wind load during gusts. ks
type and height iz related to cost and tranamission system incorporated. Horizontal axis
wind turbines are mounted on towears s as to be above the level of turhulence and othear
ground related effects,

7.2.5. Types of Wind Machines
Wind machines [aeragenerstoral are gensrably clossdfied ms follows !

1, Harizontal axis wind machines.
2, Vertical axia wind machines.

Horlzontal axis wind machines. Fig 7.4 shows a schematle arrangement of & horizontal

axis machine, Although the common wind turbine with a horizontal axis is simple in principle,

i
|t
Fator
Wind mill haad Taiil wara
Supparting
L stuctiine

Fig. 7.4. Horizootal axiz wind machine.

NAME-RIZWANA SULTAN
DESIGNATION-Guest Faculty
Mechanical Engineering Department




yet the design of & complete syatem, especially a lorge one that would produce electric power eon-
nomicatly, s complex. It ia of paraeacunt importance that tha components ke coter, bransmission,
generntor and tower should noc only be as efficient as pozsible but they must elso function effec-
tively in comblonation.

Vertical axis wind machines Fig. 7.5 shows wertbeal awds type wind machine, Cne of the
main adventages of vertical axis rotors i that they do not have b6 be turned ints the windstream as
the wind direction changes. Becawse their operation iz independent of wind direction, vertieal axis
machines are called pancmones,

Fig. T4. Vertical axis wind machine,

7.8, Wind-Powered Battery Charpers

One application of wind energy systems which i= of considernble potential importance (to
developing countries) is the use of small wind generators to charge batteries for powering lighting,
radio communication and hospital squipment. Wind penerators have been in wse in Europe and
Morth America sinees the 1920s, althoogh their use declined considecably.

A battery charging system has to include the following |

(i} A wind poweared penerator.

i} A conwerter,

{6} A eontainer for the batterics.

Fig. 7.6 shows a set-up of wind powered batiery charging system. It is worthnoting that 12
volt batteries, which are pechargeable using wind generators, can be used to power flooreseent tube
Iilhl:a'ng which is six times mors efficdent than timgsten filament llmp’. Such 1i.5|:||';|-|'|..; ) BRI
pumber of important development oppartunities in areas which normally have no lighting.

L &

— i H H

Hareralor Flestitier Batlery cell pad
Fig. 1.6
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For amall wind penorators the total syetam efficienay iz made up ag followes

Wind regime matching efficiency B0% (approx.}
Rotor eMciency 35%: (apprux.)
Generator and wiring efficieney % (approx.)
Battery charpe/digcharge efliciency 0% (approx.)

. Cumulatively, n total energy eapture efficieney of nbout 1% is generally obtained from emall
wind generators ukilized for battery charging.
Battery charging wind generators are produced in several countries, netably Avstralia, France,
Swaden, Switzerland, tha TLE,, the U5 A, and Wast Germany. In developing countries production
is tnderway m China and has started in India.

T.2.7. Wind Electricity in Small Indapendent Grids

Refor to Fig, 7.7. In such eystems electricity consumption fuctuates constantly as does the
availability of wind energy, The degree of coincidence of supply and demand can be calculated by
stabistical means and it has been found that electricity supply with an accaptable degress of reliabil-
ity ennnot be based salely on wind enarpy. If an extonsive prid does not exict, eleckricity storage
{batteries} or o back-up syatem (dieseld i3 required. Loads for fermate systems of upta 6 E'Whiday
pquivalent o nn average power consumption of 250 W with a duty cyche of 24 houtrs, can be provided
with hattery storage.

Synchronaus
reaching

ergee O

Aeciiliar IFverLes G

Spnchronous
msching

e 8 Comtrollabis
restifiar

Fig. 7.7. Principlo of combined wind'diossl power generation,

Ifa diesel and wind ganérator are used in conjuncticm with a grid, the diesel generator showld
only be used when wind energy is absent. Problems ean secor, however, when the diesel penerator is
called on 1o change its output frequently &8 wind energy availability fluctustes, Besides decreasing
the il saving, diesel generation on this basis leeds to more frequent overhaols of the generntor,
Both factors will increass costs, Several methods of overcoming these problems heve been tried but
there iz not yet an established solution. Some development work has stil] to be done before wand
generators can be ron in parnllel with diesel on o youtine hasis

T2.8. Wind Electricity Economics

Wind generator power costs are heavily linked to the characteristics of a wind resource in a
specific location, The cost of supplied power declines sz wind speeds increase, and the power sup-
plied incraasas in proportion to the cube of the wind speed.
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Matching available energy amd load reguirements is also important in wind energy sconom-
ics. Tha correct siza of wind penerator must be chosen together with some kind of storage or co-
penaration with an engine or a grid to obtain the best economy. The ideal application iz & task that
ean utilize g variable power supply, e.g., ke meking or water purification,

Eegarding the economics, the choice of interest rate obviously has a major effect on the over-
all energy cost. With low interest rates, capital intengive power sources such as solar and wind are
fevoured, Other factors bearing a strong Infloence on the economics of wind electricity are the stand-
ard of maintenance and pervice facilities and the east of alternative energy supplies in the particnlar

area.

7.2.8. Problems in Dperating Large Wind Power Gonerators

The operation of large wind power generators entaile the fllowing problems

1. Locetion of gite. The most important factor is locating & site big enough which has a
reasonable average high wind velocity.

Soursstra and Cogstal Eegions in Indis are promising aress.

£, Constant angular velocity. A constant angular velocity is 8 must for generating AC.
{alternating currenth power and this means very sonsitive governing. '

3. Variation in wind velosity. The wind velpeity varies with time and varies in direction
and alss varies from the bottom to top of & large rotor (some rotors are as long as 50 meters). This
causes fatigoe in bades,

4, Neod of a storage system. At zoro velocity conditions, the power penerated will be zera
and this moans some storape system will have to be ineorporated slong with the wind mill.

5. Btrong supporting structore. Since the wind mill generator will have to be located at a
height, the supporting structore will have to ba designed to withstand high wind velocity and im-
preis, This will add to the initial costs of the wind mill,

G, Decupation of large areas of land. Large arsas of land will become unavailable dus to
wind mill gardens (places where many wind mills are located). The whole area will have bo be pro-
tected to avoid accidents.

Inspite of all these difficulties, interest to develop wind mills ks there since this iz a glean
Bouree of energy,

T.3. TIDAL POWER PLANTS
731 Introduction

The pericdic rize and fall of the water level of sea which are carried by tha action of the sun
and moon on water of the earth iz called the tide'. Tidal energy can furnish a signifieant portion of
all auch energies which are renewnbls n nature. The large scale up and down movement of sea
waler représents an unlimited source of energy. If some part of this vast energy can be mnverted
into electrical energy, it would be an importaot seurce of hydropewer,

The mair feature of the tidal cycle is the difference in water surfooe elevatinns af the hich tide
and af the low dide. IF this differential head could be utifized in operating a bydraulic turbine, the
tidal enorgy could be converted into alectrical epergy by means of an attached gencrator.

7.3.2 Components of Tidsl Power Plants
The following are the componends of a tidal pewer plant :
1. The dam or dyke {low wall) to form the pool or basin.

2. Blubce waya from the bosins to tho sea and vice versa,
4. The power house.
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Dam or dyke. The function of dam or dvke is to form & barrier between the sea and the basin
or between one basin and the other in case of multiple baging,

Sluice waye. These are used to fill the basln during the high tide or empty the basin during
the bow tide, as per pperational requirement. These devices are controlled through gates
Power house, A power house houses turbines, electric penerators and other suxilinry aquip-
ment. As far as possible the porwer hoose and sloiee ways should be in alignment with the dam or
dyke.
7.2.%8. Classification and Operation of Tidel Power Plants
Tidal power plants arve clossiffed as follows ;
1. Bingle basin arrangement
(i} Bingia abb-cycle system (i) Bingle tide-cyelo systam
Liii} Drouble cycle system,
2. Double basin arrangemant
In & stngle basin arrangenient power can be generated oaly interpuitenily. In this arramze-
ment only one basin interacts with the sea. The two are esparated by a dam or dyke and the flow

between them is through sluice ways located corveniently along the dam. The rise and fall of tidal
water levals provide the potential head,

Dem or dyke

[Revamsiole tubines)
(a} High tida

Dam of ayke

[Fieversible turbina)
(k] Lovw tide
Fig. 7.8, General arrangement of kol power plant.
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GENERAL ASPECTS OF NUCLEAR ENGINEERING

6.1.1. Atomic Structure

#® An element is defined as a substance which cannot be decomposed into other substances.
The smallest particle of an element which takes part in chemical reaction is known as an
‘atom’. The word atom is derived from Greek word ‘Atom’ which means indivisible and for
a long time the atom was considered as such. Dalton’s atomic theory states that (i) all the
atoms of one element are precisely alike, have the same mass but differs from the atoms
of other elements (if) the chemical combination consists of the union of a small fixed number
of atoms of one element with a small fixed number of other elements.

¢ Various atomic models proposed by scientists over the last few decades are : 1. Thompson's
plum puddling model, 2. Rutherford’s nuclear model, 3. Bohr's model, 4. Sommerfeld's
model, 5. Vector medel, 6. Wave-mechanical model.

® The complex structure of atom can be classified into electrons and nucleus. The nucleus
consists of protons and neutrons both being referred as nucleons. Protons are positively
charged and neutrons are neutral, thus making complete nucleus as positively charged.

® Theelectrons carry negative charge and circulate about the nucleus. As the positive charge
on proton particle is equal to the negative charge on electron particle, and the number of
electrons is equal to the number of protons, atom is a neutral element. Any addition of the
number of electrons to the neutral atom will make it negatively charged. Similarly any
subtraction of the electrons will make it positively charged. Such an atom is known asion
and the process of charging the atom is termed an fonisation.

@ The nuclear power engineering is specially connected with variation of nucleons in nucleus.

Protons and neutrons are the particles having the mass of about 1837 times and 1839
times the mass of an electron.
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e The modern atomie theory tells that the atom has a diameter of about 10~ mm. In a
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follows the Caloumb’s law of forees, i.e., like charges repel and unlike charges attract each
other. The function of electrostatic force is similar to the gravitational force.

@ The atomic spectrum study has revealed that every electron in an atom js in one group of
specific states of motion which is corresponding to its total energy. In an atom the elec-
trons are spinning around the nucleus in orbits. These orbits are called shells, which
represent the energy levels for the electrons. All the electrons having very nearly the same
total energy are said to be in the same shell, The shells have been named as X, L, M, N etc.
Each shell consists of the specific maximum number of electrons. The K shell (inner shell)
contains 2 electrons, L shell has 8 electrons, M shell is limited to 18 and the N shell
possesses 32 electrons, In fact, the number of electrons in any orbit is equal to 2n? where
n ig the serial number of the orbit taking first orbit nearest to the nucleus, with the excep-
tion that the outermost orbit cannot have more than eight electrons . In a given atom all
orbits may not be complete. It is obvious from the study that amplitude difference in
energy between two shells is much more than the difference in between energy levels in one
shell. In a shell less than the specified number of electrons may exist but not a large number.
The inner shell is filled up first and then the other successive shells are completed.

@ The chemical properties of the atom varies with composition of number of electrons in
various shells and the stale of energies within the shells determine the electrical character-
istics of the atom. For example, Hydrogen (H,) consists of one electron in the first shell,
Helium (He) has two electrons in the first shell, Lithium (Li) has two electrons in first
shell and one is second shell, Carbon (C) consists of two electrons in first and four in
second shell.

Nucleus
Electron
Shell
K .K G kL

Fig. 6.1 (a). Atomic structure of H,, He, Li and C.

@ The electrons lying in the outermost shell are termed valence electrons. If the outermost
shell is completely filled, the atom is stable and will not take any electron to fill up the
gap. However, the incomplete outer ghell will try to snatch the required number of elec-
trons from the adjacent atom in a matter. The binding force between the electron and
nucleus is the electrostatic force of attraction. To emit one electron energy required is more
than the electrostatic force of attraction. When the energy is supplied, the electron jumps
from one discrete energy level to another permissible level. The process starts from outer
shell. The electron possesses the energy in two forms, i.e., kinetic energy due to its motion
and potential energy due to its position with respect to the nucleus. It is obvious that
electrons cannot exist in between the permissible orbits.

® The charge of nucleus is represented by the number of protons present. This number is
known as atomic number and designated by the letter Z. It also shows the position of atom

in the periodic table. Hydrogen has only one number but natural uranium has ninety two.
The atoms having higher atomic number have been developed artificially ranging from
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to 102. These are sinsteinium (£ = 99), Perinium (2 = 100), and mendeleviom (Z = 1013,
Platonium (2 = 34 is an important slement to the nuclear power field.
The mrass number (A) is the sum of total number of protons and neutrons in a nuclews. The
number of electrons 1% represented by the letter N, ie., N = (A = F)L
6.1.2. Atomic Masa Unit
The maze of the alom (5 expreseed in ferme of the mass of the electron. The unit of mass hes

besn congiderad “Tlﬁ- th of the mass of nevtral exygen atom which containg 8 protone and B neu-
1

trons. The atomic mass unlt (a.mw. ) is equal o 16

Doe a.mou, = 1LBG = 104 g

th the mass of oxygen meutral atom,

1837 % 9.1= 107%%
= 1837 me = ————-—yr— = 1.0758 a.m
Mass of proton = 1337 me 98 = 10 1 o,

1839 » 9.1 % 107
Mass of neutron = 1339 me = 188w 10 = L.00AS3 a.m.u.

It hos bewn concluded that the density of matter in o nucleas is enormous . It ham been inves-
tigated that the rodius of nucleus i eqeal to 157 = 10°% 344, whers A is the number of nucleons
in nucleus.

The density of wranium by celculations comes to 1.85 » 10" glem®. It has been found by
celculstions that notura! subptance hay density millions of times lower than that of nuclear matter,

Electron volb The energy is expressed in electron volt unit. An electron wolt is equal towoerk
done in moving an eleciron by a potentiol difference of one volt, Or i is the omount of energy coguired
by any particle with ong électronic charge, when it fally through o petential of one volt.

One electron volt = 1602 = 100" joule,

§.1.3, Isotopas

In any atom, the number of electrons i equal o number of protone. This is independent of
neutrons in the nuclens. Atoms Aaving different number of newtrons Fhan the number of profons are
kamon as Tsotopes.”

Example. Inatopes of hydrogen are shown below [Fig. 8.1 (5],

O © @
®

Hy=Hydrogan  H; - Heawy hydrogen  H, — Haavy hydrogan
{Ha neulron) or Deterium = [ o Tritium =T

Fig. 8.1k}

Thesa isotopes hewve the pame chemical properfies and hove the same atorile nuember and
OEC R rhnmﬂmhrhmhﬂemﬂr_ﬂmthe nuclear properfies of each ﬂ'ﬂ]iim:p- Aara
different becasse of the different number of neuirons in the nueleus,

The isatopes of cxygen vary from Oy, to Oy The change of number of neutrons in nucleus
affect the mass of atom.

Example, Weight of heavy hydrogen is twice the weight of simple hydrogen. This means a
volume of H,0 weighs less than the same volume of D0,
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&.1.8. Muclear Reactiona

Dirring a nucisar peaction, the change te the mass of the parlicle represents the relecse or an
absorpiion of enengy. Il the total mass of the particle after the reaction is reduced, the process re-
leascs the energy, congequently, the increase in the mass of the resultant particle, will cause the
absorption of energy,

The equations of nuclear reactions are connected with the resettloment of protons and nea-
trons within the stem. The equations are much similar to chemical reactions. The energy variation
g aleo of the order of MeV. In simpls torm the squation shewa the balaace of nestran and proton.

A poelear reaction is written as follows
{f) The bombarded nucled or the target nueled is written firat from laft hand side.
(i) In the middle within brackets, firgt & the Ineident particle and second one the ojacted.
(inx) O the right hasd side, the resoltant nucleos is placed.
A nautron is written us : n! because it hes unit mese and it does not have any charge.
An electron is written as ¥ becanse its mass is negligible as compared to proton or neutron
and ita charge ia equal but opposite to the charge of probon.
Some of the exemples of reaciions are given below :
() When , Na®™ is bembarded with protons possessing high energy, it i converted to | Mg™
oMa® e HI— Mgh i alig <810}
{where g = releass or abeorption of enecgy In the reastion)
(i) When ,,Al*" is bomharded with high energy protons it is transformed 1o, Si%,

AT Hl— 81T 4 nlyg A6 11}
(16 When ;A1%" i bombarded with deutrons, AI® and proton may be produced.
AT e HY— A HE - 46.12)
The egua. (6.10% (6.11} and (8.12) may be written in the equation form as given below
Na™(p, niMg™ «AB.13)
1#A g, niBIT 6. 14)
AlTid, piAl - AB.15)
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It is evident from the above mentloped reaciions that the neclear resction s followed by
capturing a parifcle, resulling in a compound exciled nucleus, whick undergoes further transforma-
tion in o short period of time,

The transfermation ey odoept the follocing five main different paths ;

1. Elastic seattering. The neutron interacts with the nuclecs and after transformation the
compound nucleus emits a particls which is identical to the captored one, There is also no change in
the regultant nueleus, The fotal infernal energy of the bembarded nucleus and the restriking parti-
ele will nat ehonge at all. The process ia known as elastie seattering. Elastic scattering is also tarmed
s elasiic collision, When the neutron strikes the nucleus, it imparts the part of initial kinetic energy
and momentum to the nucleus which causes the displacement of the neclous in the erystal lattice by
a significant distance and can shange the streetural properties of the material,

In elastic seattering process the kinedic energy of newtron i reduced ond 18 beneficial fo slow
dodon the neutran in reactor. In this transformation, there iz neither relonse nor absorption of enengy
hut os a reswld of collision, redistribution of hinefio energy takes place.

of elastic seattering. When a neutron strikes a light nucleus (eg., hydrogen
nucleag), the velosity of the neutron i8 very muoch reduced and the energy is tranafarrad to the
proton. Here most of the energy is tronsforred becouse both the particles are having nearly the same
magses. It has been ohserved that in such a single collision, the loss of enerpy of the proton is nearly
T to 75 percent. In case the peutron impecta with the heavy nuocleus, the energy loss in single
collision is less. With carbon nucleus this loss amounts br nearly 12 to 17 percent of the initial value,
The reaction iz writben as C{m, mjC12,

2. Inelastic seattering. The composition of the incident particle and ejected particle re-
mains unchanged. When the particle interacts with the nuclei it lozes its kinetic energy and the
target noclens is excited. The energy is released in the form of gnmma emission. This rensforma-
tion is known as (aelaxtie srattering oF collizlon. The procsss i Hmited to the enoditlon that the
neutron should have mintmum energy sufficient to axéite the tarpst nuclews. The resction is cam-
pleted with the ebeorption or relense of energy. The neutron enengy loss is of the order of 10 to 20
percent of the initial value.

When a fast moving neutron hite the U noelews, the nucless s excited and there ia an
amigsion of gamma quantum [ (o, my) 1759,

8. Capture. [n thia procesa tha incident partizle may be captured or absorbed by tha nueleua
and may raise the mags number by unity. The necleus ta excited and the energy iz emitted in the
form of gamma quantum. The artificial radioactive materials are produced by this process. In a
reactor, Co-60 isotope ie prodused by bembarding the natural Co-58 with neutrona, The reaction has
both the pessibilities of producing the stable and unstable nucleus and may result in (=, 1) or {p, ¥
reactions, This transformation may take place with elastic seattering. When a neutron interacta
with light hydrogen, it forms heavy hydrogen, deuterinm. The mass of deoterium i3 lesa than its
components. This mass defoct is corresponding to the release of gamma quantum,

4_In this reastion, the impéaging particle i fropped in the nuclens but the giected porticle iz &
different one. The composifion of the respliand necleps (s also different from the parend nucleus.

5. Fission, When the nuclens s exciled foo much, it splils into twoe moshly equal masses. This
particular reaction is auited only to the heaoy nuelens such aa 783 1% P9 ate. The tranaforma-
tion is known a8 fission. The produced two nuclei are liphter muclei ; they havemore binding energies
per nusleon and hence this reaction clways releases the energy (Fig. 8.2).

6.1.5. Nuclear Cross-sections
Cross-geciions (or attenuation eaefficiants) are megsures of the probability that o given reme-
fron w.iﬂtn.hpﬂnu between o nocleus or ruele and teeidend radiation.

Cross-sections sre called vither microscopie or mecroscopic, depending vn whether the refer-
ence ia to a single noclens or to the noclel contained in a unit velume of material.
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Microscopic cross-section

It is @ moaswre of the probability that a given reaction will tnke ploce befweern o single nuelews
and an incident parficle. Microscople crosg-gection is usually denoted by the symbel o and s ex.
pressed in terms of the ¢ffective area thet a single nuclews presents for the specified recviion. Sines
these cross sections arm usually quits small, in the range of 107 to 10*® em ¥nocleus it is general
practice to express them in terms of a unit ealled the bare, which is 100%* em®nuscleus.

Macroscopic cross-sections
Thesa are the products of misroscopic cross-aections and the stomis density in nuclel por
cubic centimeter and are equivalent to the total cross-scction, for a specific reaction of all the mackei

in 1 em? of material, Macroseopic cross-sections are denoted by the symbel I for newtrons and y for
gamma rays and have the units em™,

Cigmma ray cross-sections

Although there are a lerge number of interaction processea that teks place hetwesn gamma
rmqnd matier, the ml:.mnunlyl.und lﬂhw.“?ﬂpum crosg-aecton (vaed to deter-
mine gamma heating and dose rates) and the total attenustion cross-section (used to determine
material gamma-ray sttenostion and for shislding design ).

Meotron cross-pections

Neutrons undergo a large number of different interaction processes with matter, and, unlike
gamma rays, many of these individusl interactions must be evaloabed. Neutron cross-sections of
general use are

(i} Fizsion (e} Camma-ray production
(i} Activation (i) Elzstic seattaring

it} Inelastic scattering {vi) Beaction particle production
(1w} Tetal absorption (wiif) Total attenwetion.

Both neutron and gemma-ray croes-sections areenergy-dependeni properfies, Plots of pamma-
ray croes-gection vz photon energy for all materials are, over the energy range of interest, smooth
curves, wheress for neutron cross sections the curves of many materials show gross variations from
a smooth curve. The variatione in neutron eross-sections show up as peake and valleye on the croas-
gection plot ; these peaks are called resonances. When a material has a large number of resomance
peaks over a partion of the energy range, this portion of the cross-ssction plot i called 8 Fesonance
region. The resonance region can haoe o signiffcant effect on reocior design, since the material 1759
which is present in most fusls has a relatively wide resonance region which can canse sxtensive
neutron absorption during the slowing down of meutrons to thermal eneegy.

The known eross-sections for materials potentially weeful in reactor systema are used as
primary criteria in materials selection. For example, high-neutren-abaorption cross-section materi-
als would not normally be used as materials of construction in the vicinity of a reactor core to
prevent competition for the neutrons required to sustain the fission process | and high sctivation
erose-section materials woald not be chosan, if they ean be avoided, in a region exposed to & hiph
peutron flux during eperation, if that region is to be accesaibls after reactor shut-down,

8.1.10. Fertile Materials

It hos been found that some moterials are pot fissionable by themselves but they can be
canverfed fo the fissionable materials, thess are known ss fertile maferials.

Pu™? and U™ are not found in nature but U and Th#™ can produce them by nuclear
reactions, When U is bombarded with slow neutrons it produces L U™ with hali-life of 23.8 days
which is unstable and undergoes two beta digintagratio, = The resultant Pu®*® has halflife of
2.44 » 10* yr= and is & grod alpha emitter,
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wl = VBT 1 {818

235 muin.
e = " + NP 6.1
oNp 200 o, Pt (6.18)

During eonversion the above nobed reactions will take place. The otheor isotopes of neptuniom
guch as 2.1 day Np**® and plutonium can also be produced by the bombardment of heavy particles
accalernted by the orclotron,

The nuclear transformations to convert ,Th*™? o U™ are given below -

st + gt ——— o ThE 4y {6.19)
23.3 min,

I o B 46,200

.o dliniecols U4 a0 821

L% g the soures of neutrons required to derive Pu®® and UB? from Th*™ and US? reapaec-
tively. This process of conversion is performed in the bresder reaclors,

Other fisslonable materiala, TH, P (BN Np® and Pu® are the other noclides
which are having high cross-sections for neutron thermal fission. Pu?®? ig the important nuelide
which ks used in plutonivm fusled power reactors.

. 81,11, Fisslon of Nuclear Fuel

Fission iz the provess thet occurs when @ newtron eollides with the nuelous of certain of the
FReowy mioms, seusing the original necleus fo gplit info oo or more unegual frogments wiieh carry off
st of the energy of fission os kinetic energy, This process is accompanied by the emission of nesdiron
and gamma rays.

Fig. 6.3 i= & ropresentation of the fission of uranivm 235, The energy released az o reswlt of
fizsion t5 fhe basis for nuclear-power generation. The release of about 2.5 nentrons ffizsion makes it

possible to produce sustained flssioning.
Frompt gamma reys
,-/f O Fission fragmest

Fig. 6.3, Fisgion of uranium 235, Incident neatren, upon colliding with U™ pucleus, canses
fisgion to take placs, resuliing in the production of Gesien Fragments, prampt nea-
trons and prompl gamma rays.

The fission frogments that result from the fission process are rodicoctive and decay by
emisaion of beta particles, gamma rays and to a lesser extent alphe particles and néutrona, The
neutrons that are emitted after fission, by decsy of some of the fission fragments, are called delayed
newtrons, These are af the utmost importancs, since fhey perrud ihe fssion chaln resclion to be
ety condrolied.
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The total detectable energy released owing to the fission of a single nucleus of urandum 235 is
183 MeV, distributed as shown below ;
Dristribution of fission energy
MV -
Insfontaneons energy reloose
HKinwtie energy of fission frogments 1&8
Frompt-gamma-Tay energy
Hinstic energy of prompt nogtrons
lostantanecus total

Delayed energy release ©
EBeta particle decay of Sssdon products
Gamma-ray decay of fiskion preducts

Dialarped tofal

Ag i3 shown above, the neutron emitted sz a resualt of fission of a urandom 236 nuclews carry
off & MeV of kinetic energy. Sinee on average thers are about 2.5 neatrons emittad/UT*% figsion, the
average neutron enecgy g 2 MeV. Actaally flsslon neulrons are emitted with an energy speed of
from nearly zero energy to approximately 16 MeV, the bulk of the them being in the 1- to 2-MaV
LTIETEY TAEIon,

Mota, Although not strictly a result of the fission procsas, there is an additional 5 tc 8 MeV emitted par
fisnion as & result of the capture of nsutrons not used i the fesen chals resction. About 1 MeV of this tetal s
pmmitted over o poricd of tme owing to decay of potivation preducts, and the remainder is emitted immedistely
apun neabron caplure.

Muost of the reactors in existencs today or planned for the near foture are called thermal
reaetory, since they dopend on peutrons which are in or near thermal eguilibrium with their
surrcundings to cause the bulk of fissions. Ther reactors mokes mee of the foct that the probability for
fission iz Righest af Low ewhyahuﬂudnwnﬂ:umrmﬂudmnrmmnfﬁumw:a
ehance fission capiures in the fuel, Loss of neutrons to non-fission-capture processes i lessened by
minimising the quantity of noo-fissile material in or nesr the reactor core, The materiols wsed to
decelerate fost newtrons to thermal energy Levels are called mederators. Effective and efficient
moderators most slow the fisgion naotrons, in the 1- &0 2-MeV rangs to thermal energy at about
0,025 2% to less than 0.1 &V, This effect must be prodused in a smaell velume and with very little
abaorption,

The Chain reaction :

A chain reaction is that process in which the number of nectrons keeps on melliplying rapidly
fin geometrical progression) during fizsion #ill whole of the fissionable material is disindegrated. The
chain reaction will become self-sustaining or gelf propagating cnly if, for every neutron absorbed, at
lenst one Gasion neptron becamas available for capsing fission of another nuzleus, This condition

can b conveniently expressed in the form of multiplication facter or reproduction factor of the sys-
tem which may be definded as

T

i
184
T

L]
13

_ Hao. of neutrons in any pﬂ:ﬁcuhr_;a.namﬂm
Mo, of neatrons in the preceding generation
If K = 1. chain reaction will eontinue and if K < 1, chain reaction cannot be maintained.

Fig. 6.4 ehowa schematically a chain reaction which when sot off ultimately leada to a rapidly
growing evalanche having the characteristic of an explogion. The rate of growth of the chain proceas
is shown in Fig. 6.5,
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Fig. 6.4. Chain reaction.

50

8

&

No. of atoms splif x 10° —»
8

Time (us) —»
Fig. 6.5. The rate of growth of the chain process.
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6.3.4. Power of a Nuclear Reactor

The fiesion rate of A reactor f.e, total number of nuelel undergeing fiasion per second in &
reactor I8
= nColV = ¢, oNV

where, n = Averagn neutron density e, number par m®,

C'= Avorage speed in m/is,

&, = nll = Averape neotron flux,

N = Number of flasile nueled fm?,

o = Fisslon cross-section in m?, and

V= Valume of the nuelear fusl,

Sines 3.1 x 10 fission per second generate a power of one watt, the power P of a nuclear
resctor is given by,

P walt

o SORATT.
T 81x10™
= 8.2 x 10r nls NV wakt

=32 =101 ¢ o NVwatt

Mowr, NV = Total number of fiesile nocled in the peactor fuel
=m = 602 = 10235

whers, m is the mass of the 1775 fuel. Tt is known that fission cross-section g of U2 for thermal
neutrons ie 582 barns = 582 = 107 n®

8.2 107 w g, = 682 2 1077 wm 0 6.02 x 107
- 235
=477 = 10-2 m ¢, walt
=48 = 10r Y mal” watt,

o
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G.d4. MAIN COMPOHNENTS OF A NUCLEAR POWER FLANT
Flp. 6.11 shows schematically a nuclear power plant,

Huof coolant
— Sisam

":hll L[

E = (Etoy

= [w o

L

Fig. 511, Nuclear power plant.

The main components 6f a nuclear power plont ure ;

L. Nucl~ar reactor

2. Heat exchanger {steam pemerntor)

3, Bteam turbine

4, Condenser

5. Electric gemeratar.

In & nuclear power plant the reactor performs the sama function as that of the furnacs of
steam power plant (ie., produses heat). The heat liberated in the reactor as & result of the nuclaar
figsion of the fosd is taken up by the coolsnt cireulating through the reactor core. Hot eoolant leaves
the reactor at the top and then flows through the tubee of stenm genermtor end posses on its heet to
the feed water, The steam so produced expands in the steam torhine, preducing work and thereafter
is condensed in the condenser, The steam turbine in turn rons an electric geoerator thereby produc-
ing alectricnl energy. In order to maintain the flow of coslant, eondensate and feed water pumps are
provided as shown in Fig. 6.11.

6.5. DESCRIFTION OF REACTORS

6.5.1. Pressurised Woter Reactor (PWR)

A pressurised water resctor, in lbs slmplest form, i o Light water-cooled and moderated thermal
reactor baving an unususl core design, using both natural end highly enriched fugl. The principal

parts of the reactor are ;
1. Presaure vessal 2. Bepetor thermal shisld
3. Fuel elaments 4. Control rods
5. Heactor containment 6. Heactor pressuriser.
The eompenents of the secondary svetem of prossurised water plant are similar £o those in o
mormal steam station.

Befar to Fig. 6.12. In FWH, there are two cincuits of water, one primary cirenil which passes
through the fuel core and is redioactive. This primary cirenit then produces steam In a secondary
eircuit which eonsiste of heat exchanger or the boller and the turbine, As such the steam in the
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turbine ig not radisective and need not be shielded. The pressure in the primary cirenit should be
high so that the bailing of water takes plase at high prassure, A pregauring fank keeps the water at
about 100 kgffem? so that it will not boil. Electric heating coils in the pressuriser boil some of the
watar to form ateam that eollects in the dome. As more steam s foreed into the dome by boiling, its
pressure rizes and pressurizes the entire elreult, The pressure may be reduced by providing cooling
coile or apraying water en the steam.

Prossurisaer

S

" Water
(Primary clrowit)

m“ | ¥
—_y
Cireulating pump
Fir. 6.12. Pressurissd water resctar.
Weater acts both aa coolant as rwell s modercior., Either beavy water or the light water may ba
used for the abave purpase,
A pressuriged water reactorcan produse anly safurafed steam. By providing o separate furmnace,
the steam formed from the reackor could be superheated.
Advantages of PWH :
1. Water uged in reactor (ns coolant, moderator and reflector) is cheap and sasily available,
2. The reactor iz campact and powsr density is high.
Fizsion producis remain contaloed in the reactar and are not circolated,
. mall rumber of conteel rods 18 requived.
. Thare ia a complate freedom to inspect and maintain the turbine, ferd heaters and con-
denger during operation.
. This reactor allows to reduce the fuel cost extracting more energy per unit weight of fiel
a8 it ks ideally sulted to the utilisation of fuel designod for higher bum-ups.

Disadvaninages :
1. Capital cost is high ns high primary circuit requires strong pressure vessel.
2, In the pecondary cirenit the thermodynamic efficiency of this plamt {8 quite bow,
&, Puel suffers radiation damage and, therefore its reprocessing is difficult.
4, Severe corrosion problems, )
5. It iz imperative to ghot down the reactor for fuel charging which requires & couple of
minth's time.
6. Low volume ratio of moderator to fuel makes fuel element design and insertion of control
rods difficult,
7. Fuel element fabrication is exgensive.

=

=z}
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8.5.2. Bouling Water Heactor (BWH)

In & boiling water reactor enriched fuel is used, Ax compared to PWIL, the arrangement of
BEWR plant is simple. The plant ean be safely cperated using natural convection within the care or
foreed circulation as shown in the Fig. 613, For the safe operation of the reactor the pressure in the
forced circulation msst be maintained constant Irrespeciive of the load. In cass of part load opera-
tion of the turbing some sfeam fs by-possed,

Raactor
o
3¢

2

%JJ

Fig 4 13. Beiling water renctor.
Advantages of BWH :
1. Heal exchanger circult s ebiminated and conseguently there ks galn in thermal efficiency
and gain in eost.
2. Thare iz use of a lower pressure veassl for the reactor which forther reduces cost and
simplifies containment problems.
3. The metal temperature remains low for given cutput conditlons,
4. The cycle for BWR is more efficient than FWR for given containment pressure, the oatlet
bumperatuny of sleam i8 appreciably higher in BWH.
f. Tho pressure inside the pressure veseel is not high so a thicker vessel is not required,
¥isadwantages : i
1. Poagibility of radicactive contamination in the turbine mechaniam, aheuld there be any
failure of fuel elements,
2. More elaborate safely precautions needed which are costly.
3. Wastage of steam resulting in lowering of thermal efficiency on part load oporation.
4. Boiling limits power density ; only 3 to 5% by mass can be cooverted to steam per pass
through the boiler,
. The pessibility of "burn out” of fuel is more in this reactor than PWE as boiling of water on
the swriaes of the foel is allowed.
.53, CANDU (Canadisn-Deuterium-Uranium) Resctor

CAMDL is & thermal nuclear power reactor in which heaey water (99.8% deutarium cxbde
D0 iz the moderator and coslant, a3 well as the reutron reflector. This reactor was developed in
Canoda and is being extensivedy used in this company. A fow CANDU reactors are operating or
under construction in some other countries as wall.
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