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BES252 BASIC CIVIL AND MECHANICAL ENGINEERING
UNIT 1Y INTERNAL COMBLUSTION ENGINES AND POWER PLANTS

CLASSIFICATION OF POWER PLANTS
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STEAM POWER PLANT (THERMAL POWER PLANT):
Reasons:
1. Slewmn can be raised quickly from waler

I3

It does not react much with matcrials,

ol

It is stable at temperatures required in the plant
LAYOUT OF STEAM POWER I'LANT:

The lavour of steam power plant has the following ciculrs:

1. Fuel (Coaly amwd ash cireut
2.0 Adar and Nue zas cireuit
3. Feed waler and stcam [ow eircuil

-

Cooling water flow cucuit,



COAL AND ASH CIRCTIIT:
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Coal and Ash Circnit:

&

Coal froun mines 1s delivered by shups. rails or trocks to the power station.
Coal received at coal vard,

Coal is sized by crushers, breakers cic.,

The sized coal is stored in coal storage.

From stock yard, the coal is transferred to the boiler tumace by means
of conveyors, elevators ete.,

The coal 1s burnd 1n the boaler and ash is lormed.

Ash coming oul of the [urnace will be wo hot, dusty and accompanied
by poisonous Tascs,

The ash 1s transterred to the ash storagc.

Generally the ash will be quenched o reduce the temperature and the dust content,

AIR AND FLURE GAS CIRCUILT;

&

Adr 15 taken from the atmosphere by the action of FD fan.

It 15 passed through an air pre heater

The air is preheated by the flue aases o the pre heater.

This preheated air is supplied to the furnace to aid the combustion of tuel.
Due o the combustion ol Tuel the Que gases are Tormed.

The flue guses friom the furnace pass over the hoiler tubes and super heater tnbes.



+  Then the flue zascs pass twoueh ceonomizer toheat the feed water.
«  After that it passes through g dust collector. It is then exhausted to
atmosphere through chimmey

Water and Steam Cireuoit:
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Layout of Steam Power Plant
Water and Steam Circuoit:

= The walcr 18 preheated by the [ue gases in (he ceonomiscer.

This preheated water is then supplied to the boiler drum,

Heat 1s transferred Lo the water by the buming of Lthe coal.

Dwe to this, water 15 converted into the stcam,

The steam raised in boiler is passed through a super heater.
= It 1s superheated by the [Que rascs.

+  T'he turbine drives generator to produce electric power.

*  The expuandad steam 1s Lhen passad through the condenser.,

* In the condenser, steam is condensed into water the re circulated,

Cooling Water Cirewit:
+«  The exhavst steam fromm the mirhine 15 condensed in the condenser.
»  Inthe condenser. the cold waler 15 circulated W0 condense (he stewm 1nio waler.

+  The steam iz condensed by loasing its latent heat to the circulating the cold wartcr,



=  Henece the cold water sets heated.
+  T'his hot water is then taken to a cooling tower.
+  Incooling lower the water iy sprived in the Torm of droplets throwgh noceles.
+  The atmospheric air enters the cooling tower from the openines provided at the
botlom of the lower.
+  This cold wartcr 15 again circulated theough the puinp. condenser and the cooling
+  Some amount of wiler may be lost during circulation.

= Hence make up water 13 added 1o the poad by means of a pump

Layout of Steam ( Thermal) Power Plant
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Encrey Conversion Process:
Chemical Energy (Fuel/Coal}
Heat EncrgyiBoiler)
Mechanical Enerey Turbine)

Eleetrical Knergy(Gencrator)

Advantages of Steam Power Plant ( Thermal plant)

»  Life of plant is more (25-30 years ) compared to Diesel plant (2-5 years)
«  Repair and madntenance cost s low when compared 1o diesel plant.

+  Initial cost 15 less comparcd to nuclear plant.

*  Suitable [or varying load conditions.

+  No radicactve harmiol sastes are produced

»  Unskilled operators can operate the planl.

+  The power seneration does not depend on Lhe waler storase.

»  There are no transmission losses, as they are located near load centres,

Disad vantages of thermal power plant:
+  Lesy efficient than diesel plants.
= Starting up and bringing inlo scrviee takes more L,
«  Cooling water required is maore,
+  Space requited is more.
*  Stage required for the focl 1s more,
+  Ash handling is a big problem
= Not ceononucal inarcas which are remole [rom coal Liclds.
»  Manpower required s morg,

*  For lurge umts, the capital costis more.



List down the factors to be considered for selection of site for thermal power plant:
Availability of coal:
* A thermal plant of 400M., capacily requires nearly 6000 wns of coal every day.
= Dower plant should be located near coul
mings, Ash disposal Facilities:
*  Ash comes out in hot condition and handling is
difficult. The ash can he disposed into seu or river.
Water Availabiliiy :
= Waler consumplion is more as [eed water into boiler, condenser and [or ash disposal.
«  Water is required for drinking purpose.
*  Hence plant should be localed near water source, Transport
Facility :
Publi¢ Prohlems:
*  The plant should be far away froun residential arca to avold nuisance from smoke, fly

ash and noise.

Nature of Land :
*  Many power planes have faded due to wealk foundartions.

«  Land (soil) should have good bearing capacity o withstand dead load of plant.

Thermal power plants in Tamil Nadu:

Nevveli Tuticorin Ennore Metur

Explain about the pollution caused by Thermal Power Plant (Steam Power Plant):
= Main pollutants fror thermal plants are S04, CO-, CO as manute particles such as [y ash.
»  50- causes suffocation, irritation to throut and eves and respiratory for people. [t destroys
CTOP.
¢ (CO 15 a polsonous 2as,
= Dust parlicles cause respiratory roubles like cough, cold, sneering
cle., Thermal Pollution:

« Thermal plants produce 440 millions k] of heut to the environment through condenser



wiler and exhaust gases.

+  Thermal pollution of atmosphere can he reduced using the low grade energy exhausted

slearn.

Noaize Polluilion:

The sources of noise in a power plant are turbo allemators, fans and power
transfotrnicts,

Sound proofing can he done to reduce the noise.

{zas Power Plant

A pay power plant uses sas lurhine ay the prime mover lor generating electnicily.

It uses natural gas or kerosene or benzenc as tucl.

Gias plant can produce only limited amount of the electricity.

Elliciency ol the plant is only 35%

Cenerally o gas plant is expensive to operate,

Henee s usually installed with steam power plant o clised combined cyele.

1t 15 penerally used in combination with steam/thermal power plant during peak load
When the pas power plant 15 combined with thermalfsieam power plunt elliciency

ol the plant 15 up 1w 60% - 7%



Layout of the (Gas torbine Power plant:

Gas Power Plant — Working Principle:
Clombustion and generation of electricity:

= Crus lurbine draws clean wir into through air flter from atmosphere, with the help of
f COMPressor,

*  Duning the compression pressure of the air is increased.

¢ Compressed ame is passed theough to a combustion chamber along with fuel (Matural
TUN ).

= Theadr fuel mixture is ignited at high pressove in the combuastion chamlber.

«  Combustion takes place.

»  The generated hol gas of compression is passed through the s turbine.

*  Hort gases ¢cxpand, and the torbine blades are connccted to the torbine shaft arc
rovlated.

#  The mubine shaft which is coupled o the shaft of the electrieal generator at the other
end also rotates and drives the electrical generator.

= Acportion ol the energy develuped by the ot gases through the zas lurbioe 1 used Lo



run the ¢o IMPTEHS0T.

+  The residual hot gases from gas turbine are passed through a heat exchanger (heat
TECOVETY Sl Zenerlor)

*  The heat exchanger produces steam with hush pressure with the help of a steam boiler.

+ lhe steam is allowed o expand in the steam turbine.

+  when it passes through the turbine blades, the marbine shaft 15 rotated. The shaft is
coupled Lo the generator, which generales electricity.

= Gag wrbine and steam turbine combination enables increased power seneration.

Transmission and distribution ;
*  The generated clectricity from both gas and steam mirbines is fod to the step up
trams fommer where its voltage 15 increased.

= Then the clecteicity is conveyed throush transmission Lines for distribution.

MERITS:
*  Nartural gas s readdy available.
= Sewing up cost can be reduced 5 the plant is installed near the source of nalural gas.
= Less gas slarage cosl
+  Less space oceupation.
v Compared W stearn power plant, smaller in size.
*  low operating cost.
»  Low mainleninee cist.
*  No standby losscs.

+  Cheaper tuels like natural gas.

Demerils:

253 rd of generated power 15 used Tor diving the compressor,

*  Cius lurbing has low thermal efTiciency,
*  Has slarting problemnt.

+  Hificient only in combined cycle configuration.



»  Temperature of combustion chamber s oo high, which results in shoeter Lile ime.

Dicsel Power Plant
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Working of Diescl Power plant:

¢ Air from atmosphere is drawn into the compressor and 15 compressed.

* The compressed air is sent o diesel engine through Tilter.

+  In the filter, dust, dict froam aire 15 tilicred and only clean air 1s sear to dicsel cngloe.

«  Fuel oil from tank is passed through filter where it gets [lleved and clean oil is

injected o the diesel cngane theough Tuel pump and luel injector

» Mixture of comprassed air and spray of fuel oil are ignited into the engine antd

combuslion lakes place.

« The heat enargy is utilized for driving the generator, which produces power.



Main components of a Dicsel power plant:
1. Fuel Supply system
It consists of fuel tank, tocl filter and fucl pump and injoctor.
2, Air Intake and Exhaust system
Tt comsists of compressor, filler and pipes Tor the supply of air and pipes for
cxhauvst gases. In the exhaust system silencer 18 provided to reduce the nalse.
3. Cooling system
Circulates water around the Dicsel engines 10 keep the wemp al reasonably low
level.
4. Lubricating system
It includes lubricating il tank. pump, filters and Iubricating cil.
5. Starting systemn
Hor initial starting the devices used are compressed air, hattery, electric motor or
scll-starter.

“II¥dro Electric Power Plant:
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Components of Hvdro Eleetric Power
Plant: Heseryviir :

»  Water is collected during rainy season

»  Toas slored n the reservoir.

+ A dam is built aceoss the river adeguare warer head.

Penstock :

= Iuis a passape Huoush which waler ows frown reseryolr 1o urbine,

Suree Tank :

» TLis installed along the penstock (between lurbine and reservoir)

+  Tocontrol or repulate the sudden water over tlow and to protect the penstock froum
bursting.

= It reduces the pressure and avouds damagc 1o he penstock due o the water hammer
effect.

»  When the load oo the turbine 15 decreased there will be a back Qow, wlnch causes

increase or decrease in pressure, It is known as water hammer.

Power House :

*  IUiy building that houses that water Lurbine. generator, transformer and conteel room.
Waler Turbine:

*  Waler urbines such as Peltom, Kaplan and Francis are used w converl pressure and

kinetic eneroy of flowing water wito mechanical encrgy.

Dralt Tube:

+ Itis connected to the outlet of the turhine.

Tailrace:

+ It refers to the downstream level of water discharged from turbine.
Generator :

« Itis a maching used to convert mechanical cncrgy into cloctrical eneray,

Step up transtormer:

¢ leconverts the Alccnating Cuceent (ACY mto hiph voltase cogrent suitable for

transmission.



Waorking I'rinciple of Hydro Electric Power Plant:
+ It usey the potential energy of water of water stored in 4 reservoir.
*  The water rom the reservorr through o penstock and then foreed throwgh nowele or

nozzles betore reaching the turbine.

*  The hydraolic turbine converts the kinetic energy of water under pressure into
mechanical enerey.

*  The shatt of the turbine 1= coupled to a gencrator that gencrates clectricity

+ The electricity generated is fed to the step-up transtormer to increase its voltage.

= Poweris [ed 1o the transmission lines lor diswaibution.

*  The output power of |ydel power plant depends on the head of water stored in the

reservoir and the quantity of waler dischurged

Classilication of Hydre Eleciric Power Plant:

Hydro Electric
Mower I'lant
High Head Medium Head Low Head
{ Water Head above | Warer Haad from { Watar Haad from
300 m) 30to 300 m) 3 to 30m)

Factors available for Hydro Electric Power Mant:
Adequare water mmist be available with good head.
Cost and type of Land:
Bearing capacity of the land should be good to withstand huge structures and
euipments.
Storage of Water :
A dam must be constructed to store the large quantity of water in order to cope with
variatiomy of water availability throughout the vear.
v Transportation Facilities :

The site should be accessibde by rail and road for casy transpoctation of couipments and



machinery,
+  Pumped storage facilities :

The pomping tacilitics o reuse the watcr should be possible,

Merils of Hydro Electric Power Plant:

»  Requires no fuels and hence pollution free,

+  Low uperating cosl.

«  Simple in construgtion and requires less maintenance,

+ Wery robust and durable.

*  The reservoir and Jdam can alse be vsed for irripation.

Demerits of llydro Electric Power Plant:

= Yory high capilal cost

»  Skilled personnel is required for canstruction,

*  High cost of ransmission ds plant 1s normally regquired far o7 froon hilly areas,
*  Period of delay causes the delay in the commissioning of the plant.

= Construction of new hydel plant way need rehabilitation of people and payment

compensation for land acquisition.



NUCLEAR POWER PLANT - LAYOLUT

Nuclear Power plant:
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*  Nuclear power plant uses nuclear energy trom radioactive element for generating
clectrical energy.
¢ More than [3% of the world’s clectricity is generated from Nuclear power plants.
s generally located Far away [rom populated areas.
= In [uture gencration of electrieity will be depending on Nuclear Power Plamt, as
itis ecomomical.
v 1 ke ol uranion T -235 can produce electrical power elecinical that can be produced

by using 3000 -4500 tonnes of high grade coal or 2000 tonnes of oil,



Compaonents of Noclear Fower Plant:
Nuclear Fuel :
Normally used nuclear fuel 15 uraniom {lf235]
Fuel Rods:
The Tuel rods hold nuclear fuel in a noclear power planl.
Neutron Souree; A source of ncution 15 required to initiate the fission for the fust
fime. A mixture of beryllium with plutonium is commonly used as a source of
neulnon.
Reactor:

»  Nueleur [ssion takes place in the reactor only.

*  Nuclear fission produces larec quantity of heat.

*  The heat generated in the reactor is canried by coolanl circulated through the reactor.
Conlrol Rods:

*  They are vsed to control the chain reaction.

*  They are ubsorbers of neutrons.

*  The commuonly used control rods are made up ol cadutiom or boron.
Moderator:

»  Muoderators are used 1 slow down the Lust neutrons.

»  Itreduces 2 MoV to an average velocity of (L0235 ¢V,

+  Ordinary or heavy waler are used as moderalors.

*  Fuel Rods:

*  The Tuel rods hold noelear Tuel inoa noclear power plant.

*  Neutron Reflectors:

* lo prevent the leakage of nentrons to large extent,

»  InPHWE. the moderator isell acts as relleclors.

+  Shielding:

« o protect from harmful radiations the reactor is surrounded b a concrete wall

ol thickness abool 2 w0 2.5 o



MNuclear Fission

Fission Fragment Fission Fragment
Moderator
Slow Neutrons s Fission Fragment
Fission Fragment I \Y‘
B | Moderator

* ltis a progess of splitting up of nucleus of fissionable material lke uranium into {wo

or more [ragments with release of enormous amount of energy.

. - 7AAF . ;
- The nucleus of U™ is bombarded with high cnerey neulnons

15, 14 1 | .

U™ n Ba " +Ke"+2.5:n +200 MeV cncrey,

. —_— . 2y
»  The newtrons produced are very Fast and can be made w fission other nuclei of U=,

thus scting up a chain reaciion.

Ot of 2.5 newlroms released one neuwlron 15 wsed (o suskain e chan reaction,
1oV =16X10"

Joule.

1 MeV = 10° Ev



Working Principle of Nuclear Power Plant:

*  The heat generated in the reactor due Lo the fission of the fuel ix tuken up by the
conlant.

+ 'The hot coolant then leaves the reactor and (lows through the steam generator.

+ o the steam generator the hot coolant ransters its heat to the fecd water which sets
converled into steam.

= The steam produced 13 passed throueh the wrbine, which 15 coupled with generator,

«  llence the power is produced during the running of turbine,

+  The exhaust steam from the lurbine 15 condensed in the condenser.

*  The condensate then flows to the steam acncratar through the feed pomyp.

* The cvele iy thus repeated.

Advantages of Nuclear Power Plant:

¢ Requires less space compared to steam power plant,

»  Fuel required 15 neglignble comprared Lo coal requirament.

*  [ruel transpout cost 1s 1oss.

*  Reliable in operalion.

= Cosl ol creetion is less,

+  Water required is very less.

I¥isadvantages of Nuclear Power Plant:

» loitial Cost s higher.

»  MNotsuilable for varying load condition.

»  Radiwactive wastes arc hazardous. Henee these arc to be handled with much care,

+  Maintenance cost is higher.

= Trained workers are required Lo operate the plant.

Nuclear Power Plants in India:

«  JGCAR. Kalpakkam in Chennai.
*  Rana Pratap Sagar in Rajasthan

= Narorain Utlar Pradesh

+  Kakarpur near Surat at Ciujarat



= Kmga Power Plant at Karnataka

Pumps
A pump s & machine which is vsed to raise or transter the fluids,
+leis also wsed o maintain the comstant flow rate or conslant pressure.
¢ lois normally driven by a ciigine or a motor.
+  Pumps are rated by the horse power
= Imporiant specilications [or pump masumurn discharge (Tow, maximun

discharge pressure, inlet size and discharges size.

Classilication of pumps:

It is classified mto positive displacement pumps and rolo dynamic pumps.

= In positive displacement pumps. [luid 15 deawn or foreced e a (inile space and
it is sealed.

«  Tiiy then forced cut and the cyvele s repeated.

In roto dynamic pumps. centritugal foree 15 vsed w move the fluid into a pipe.

Reciprocuting Pumps:

+  Itis a positive displacement pump

T uses apislon and cylinder arrangernent witly suction and delivery valves
integrated with the pump.

» 1L can be single acting and double acling

*  There may be single or mult cvlinders also.

+ It is a positive displacement pump

= It sucks and raises the liguid by actually displacing il with a piston/plunscr thal

EXECULES @ recipracating motion in g closely titting cylinder.

Working of single acling Reciprocating Pump:
+  During suction stroke the pistom moves o Lhe lefl, causing Lhe inlet valve to open.
= Water is admdtled wilo the cylinder through the 1nlet valve.

+  During the discharge stroke the piston moves to the right closes the suction ¥alve



and opens the out let valve.

Through the outlet vilve the volume of ligumid moved out of the cyvlinder.

Double Acting Reciprocating Pump — Working:
» Hach oyele comsists of bwo strokes.
Both the strokes arc cffective, henee it is known as double acting pump
Liguid is filled at ome end and discharged at other end during forward siroke.
Dwring the return stroke, end of eylinder just emplied 13 [lled and the end just [illed
is emptied.
Air Yessels
Air vessel is a closed chamber containing compressed air inthe upper part and

liquidd being pumped in the lower part.

Purpose of using an Air Vessel:
Tu gel continuous supply of Hguid at o unilorm rate.
To save the power required to drive the pump (By using an air vessel the
acceleration and Friction heads are considerably reduced)

T vun the pump at much hizher speed without any daneer of separation.




Advantages of reciprocating pump:
+  Relatively compact design
*  High viscosity performance

¢ Ability to handle high ditferential pressare,

Cenirifugal Pumps

AIMFELLER ETE

IMFELLER
Components of Centrifugal pump:
A rotating componenl comprisine ol an inpeller and a shalt

A stationery component comprising g volute (casing}, suction and delivery pipe.

Working Principle of Centrilugal pump:

Principle: When a certain mass of fluid is rotated by an external source, it is thrown
away lrom the central axis of rotauen and a centrifuzal head 1s impressed which cnables
it o rise to a higher level,

Working:
The delivery valve is closed and the pump is primed, so that oo air pocket is lett,

Keeping the delivery valve sull closed the electric motor is started o rotate the

umpeller.
'I'he rotation of the impeller is gradually increased till the impeller rotates at ity



normal speed.

After the impeller attaing the normal speed the delivery valve is opened when the
liguid is sucked continuously uplo the suction pipe.

It passes through the eve of the casing and enrers the tnpeller at its centre,

The liguid is impelled out by the rotating vanes and it comes out 1l the outlet tips of
the vanes into the casig.

Due (o the impeller action the pressure head as well as the velocity heads are
nereased.

From the casing the liguid passes into the pipe and lifted to the required height,
When purmp is o be slopped the delivery valve 14 W be [irst closed. other wise there

may be some backflow of watcr [nto the reservoir,

Ty¥pus of casing Volule and Yoriex Casing
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Volute and Diffuser casing

- Diftuser vane

-

Impeler

o hlute Centrifuga Pump. B, Turbine Centrifugal Pumg.

Volute Casing: Tn this type of casing the area of Tow sradually mereases [Tom the

impeller outlet to the delivery pipe,

Yortex Casing: It a circular chamber is provided berween the impeller and velute chamber

the casing is known as Vorlex Chamber.

Diffuser C:
The impeller 1s surmounded by o dilTuser.
The guide vanes are designed in such a way that the water from the impgller enters
the guide vanes without shock.
It reduees the vibwation of the pump.

Diffuser casing. the diffuser and the outer casing are stationery parts.

Priming of a cenirifugal Pump:
The operation of Alling the suction pipe, casing and a portion of delivery pipe with
the liquid o be raised. before stacting the pump 1s known as Pruning

IUis dome Lo remove any air, gas or vapour from these parts of pump.



Il a Centrifugal pump 15 notl primed belore stacting air pockets inside impeller may
eive rise to vortices and causes discontinuity of flow
[.osses in Centrifugal pump:
Hydraulic Losses:
Shock or eddy losses al the entrance 1o and exit from the impeller
Losscs due to fricuon in the impeller
Hriction and eddy losses in the guide vanes/difTuser and casing
Mechanical Losses:
Tosses due to dise friction between the impeller and the liguid which fills the
clearsnee spaces between the impeller and casing
Losscs pertaining to friction of the main bearing and glands.
specitic speed of Centrifugal Pump:
= Itis the speed mocevolutions per nunole at which a geometrically sinular impellee
would deliver ome cubic meter of Liquid per second against o delivery head of one

meler,

IMPULSE TURBINE:
= The steam coming out at 8 very hieh velocily wough the noesle impinges on the

blades fixed on the periphery of rotor.



E.u Pelton wheel

BEEACTION TLURBINE:

The blades change the direction ol steam Mow without chanese in pressure.

The resulting force causes the ratation of the turhine.

+  The high pressuic steam from the boiler 15 passed theough the nozzles.

inereases relative W the rotaung disc.

the shall,

Ll.g Francis Turbine, Koplan Turbine.

Comparision between Impulse and Reaction turbine:

When the steamn comes oul through these nozzles, the velocity of steam

The resulting force of steam on nozzle gives the rotating motion to the dise and

The shatt rotates in opposite direction of the stean,

5.No. lmpulse Turbing Reaction Turbine
1 Ii consisi® ol nozzles and movinge Il consists of lixed blades
hlades which act as nozzles and
moving blades
2 steam is expanded completely in the Steam is partially expanded in
nozzle. All the pressure energy is the lixed blades. Some amount of
converted into Kinetic energy pressure energy is converted into
kinctic energy
3 Pressure of steam is constanl over Pressure drop lakes place in the
the moving blades. moving blades.
4, Becauwse of high pressure drop in the Because of small pressure drop,
nozzles, blade speed and steam speed blade speed and steam specd are
are high, less,




3 Low Ifticiency [ligh Ifficiency

0. Occupies less space per unit power Occupies more space per unit
power.

7 Suitable for small power requirements | Suitable for mediom and high
power requirements.

INTERNAL COMBLSTION ENGINES AS AUTOMOBILE POWER PLANT

Iniroduction:
Heat Iingine:
*  Heat Eogine 15 a machine which converts heat cncegy supplied to it into mechanical
wirk.

= Heal cncrey 15 supplicd o the engine by burmng the fucl.

Classification of ITeat Engines:
* Internal Combustion Engines (1C Engines)
In I engines, combustion of fuel takes place inside the engine cvlinder, lxamples: [hiesel
Engimes, Petrol Engines, Gas engines,
+  External Combustion Engines (EC Engines)
In EC engines, combustion of fuel takes place outside the working
cylinder. Examples: Steam Engines and Steam turbines

IC Fingings are classified into,

(1) Cycle ol operation {No ol Strokes per cycle)
»  Two stroke cycle Engines

v BFour Suoke Cyele Engines

2} Thermodynamic Cycle or Method of Heat addition:
= Ouo Cyele Engines (Combustion al constanl volume)

+  Diesel Cyele HEngines (Combustion at constant Pressure)



= Semi Diesel Engines (Dual Combustion Engines)
{(3) Types of Fuel Used :

+  Petrol Engines

= Diesel Engines

+  (Gas Mngings

(4) Ignition Method :

*  Spark Tunition

(8 Compression

lemition {C1y (5)

Cooling System:

+  Air conled Engines

= Water Cooled Engines

(%) ¥Vulves Localion :

= L head (Side valve) engine

* T Head (Sidc valve) coping

+ | head (over head valve) engine

= Fhead (over head inlel and side exhausty encine

Main Components of IC Enpines:
Cylinder Block:

¢ 1t is the main block of the cngine.

= It containg cylinders accurately finished to accommodate pistoms

= The cevlinder block houses crank, camshall, piston and other eneine parts.

* In water cooled engines, the cyvlinder block is provided with water jackets

[or the circulating cooling waler,

*  The materials used for cylinder are grey cast iron, aluminiom alloys cte.,

= Iis usually made of o single casting



Cylinder block of moror cvele Cylinder block of car

Cylinder Head:
* The cylinder head ix bolted Lo the
cylinder Block by mecans of siuds.

+  The water jackets are provided for

couling waler circulalion,
* The materials used for cylinder head are cast iron, aluminiom
alloy ete.,

*  This is also gencrally madc of single cast woun,

Cylinder Liners:

= The hner 13 a sleeve which 1s fted inte the evlinder bore.
+ It priovides wear resisting surface for the cylinder hores.
Liners are classified into:

»  (a) Wel liner ib) Dry liner




Cylinder Liners

Wet Liner : These liners arc surrovaded or wetted by cooling water. It provides

weitr resisting surface for the piston to reciprocate. Also it acts as a seal for the

witler Jucket

Dry Liner :Dry lincrs have metal to metal contact with the cylinder block, They are not
directly m touch with the cooling water.

Lincer Muterials:

*  Liner material should withstand abrasive wear and corrosive. Chromium plated mild teel
= lubes ave used as liners.

Clrankease @ T may be castintegral with the eyvlimder block. Some times, 111 cast

separately and then attached o the hlock.

e e e e R B R T e e

These materials are used for crank case are cast iron. aluminium alleys or alloy

sleels,



il pan or oil sump: il sump 15 the Battom part of the engnedl contains lubricating
ol A drain plug is provided the oil sump to drain out the oil 1t s made of the

pressed sheet

Piston !
The pmiston serves the [ollowing purposes

*  Itacts as a movable gas tight scal 1o keep the gasces inside the cylinder

* Tt ransmits the loree of explosionin the eylinder o the cramkshall through the
connecting rod.

+  Some of the materials used Tor piston are cast iron, aluminiom alloy. chrome

nickel allow, mckel ron alloy and cast steel,
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Piston rings :
Piston rings are mnsceted in the erooves provided o the piston, Two types of piston
rings are used in the piston,

1. Compression nngs

2. O rings or ol conuol rings

B



Main Components of 1C Engines Piston Rings (Compression and Oil rings)
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Compression rings :

»  Compression rings provide an elfective seal for the high pressure gases
inside the cylinder.

+ They prevent the leakage of high pressure gases from the combustion chamber
nto the crank case.

* Tiach piston is provided with at Icast two comprassion rings,

(il rings :

« Ol rings wipe off the excess oil from the cylinder walls,

«  Ttalso relums excess oil W the oil sump, throash the slots provided 10 the rings.

The matcrials vsed for piston rings should be wear resistant.Noomally piston rines are made of

alloy steel iron contaiming stlicon, manganese alloy steels ele.

Connecting Rod:

+ It connects the piston and crank shaft.



= Toransimits the Toree of explosion during power sroke 1o the crankshall,

+  The connecting rodd has bearings ar both ends.

*  The small end of the connecting has a solid or split eve and contains a bush.
*  This end 15 connected to the piston by means of a gudacon pin.

*  The other end is called as big end of the connecting rod.

+  The conaccting rods must withstand heavy tumsts.

= Hence it must have strength and nigidity.

= They are usually drop forged T sections.

« The materials used are plain carbon steel, aluminium alloys, nickel alloy steels etc,

Crank Shaft :

*  Itis the main rotating shaft of the cngine.

«  Power is oblained from Lhe crank shall

*  The crank shall is combimation with connecting rod converls reciprocating motion
of the piston into roary motion.

*  The crank shafl is held in position by the main bearings,

= There are two main beadings 1o support the crank shalt.

*  The materials used for crank shatt arg billet steel. carbon steel, nickel chrome and

other heat treated alloy sieels.

Camshali:

v Clamshall comtains number of cams.

¢ 1eis used o convert rotary motion o linear or straight line motion.

» It has 50 many cams as the number of valves in an engine.

= AR additional cam is also provided w drive the Tuel pump.

* A pear is provided in the cam shaft to drive the distributor or ofl pump.

*  The opening and closing of the engine valves are controlled by the cams provided

ol the cam shatt.



Petrol Engines

Classification of Petrol Engines
Two Stroke cycle Petrol Engines

Tour Stroke cyele petrol Fngines

Two Stroke eycle Petrol Engines:

Charging

Compraseion

Two Stroke Cycle Peirol Engine

Constroction :

A piston reciprocates inside the cylinder

It is connected o the crankshalt by means of connecting rod and crank

There ate no valves i two stroke cogines, instead of valves ports ae cut oi the
cylinder walls.

There are three ports, namely inlel, exhawst and transler ports.

The closing and opening of the ports are obtained by the movement of plston. The
crown of piston is made in (o o shape o perform Lhis.

A spack plug s also provided.



First Stroke : (Compression, ignition and inductanee) (Upward stroke of piston)
{d) compression:
*  The piston moves up from Bottom Dead Centre (BDC) w Top Dead Centre (TDIC )
*  Both transter and cxhanst ports arc covered by the piston.
+  Air fuel mixture which is transferred already into the engine cylinder is
compressed by moving pistoi.

*  The pressure and temperature increases at the end of compression.

First Stroke : (Compression, ignition and inductance} (Upward stroke of piston)
b Ignition and Inductance:
*  Mswom almost veaches the top dead centre

g The aar [uel naxiure nside e cylinder 18 1gnited by means of an eleciric spark
proctuced by a spark plug

. Al the same ume, the inlet port is uncovered by the plane.

. Firesh air tuel misture enters the crankcase through the inlet port.

Second Stroke: (Downward Stroke of the engine) ;
(¢} Expansion and Crankcase compression
+  T'he burning gases expand in the cylinder
»  The burnming gases [oree the piston 10 move down., Thos uselul work 15 obtained,
+  When the piston moves down, the air fuel mixture in the crankcase is
partially compressed, This compression is known as Crank case

L'[!‘HE_HFE.‘F.‘:'I‘IHH.

Second Stroke: (Downward Stroke of the engine) ;
i) Exhaunst and transfoer:
+  Atthe end of expansion, exhaust poit is uncovered.
»  Bumnl mases escape W the atmosphere,
*  Transter port is also opened. The partially compressed air fuel mixture enters the

cylinder through the ransfer port.



= Thecrown ol the pisten is made of a deflected shape. So the fresh charge entering
the evlinder is deflected upwards in the cylinder.

*  Thuy the escape of fresh charge along with the exhaust gases 15 reduced.

Two siroke cyvele Diesel Engines- Constraction

LConstruction :

«  Twostroke cycle dicsel cngines cequice air supply

+  This air is used to blow out the exhaust gases and to fill the eylinder with clean air
= Thas air 15 supplicd by a blower or are compressor which 1s dviven by cogine iscll
* These engines may be valve or port t¥pe.

« A oplate s provided in the crank case w admit ar o Lhe crank case.

¢ Transter and exhaust ports aee provided in the cylinder,

+  These ports are covered and uncovered by the moving piston.

First Stroke (U pward Stroke of the piston)
) Compression and inductance:
v The pston moves upwards [rom Botwm Dead Centre (BDC 10 Top Dead Centre (TDX).
*  Baoth transter and exhanst ports are covenrad,
= Air which iy translemed already intio the engine cylinder is compressed by moving piston,
»  The pressure and emperature ol the a increases.
+  Atthe same time, fresh air is admitted into the crankcase through the plate valve

(reed valve)

First Siroke (Upward Stroke of the pision)

b} Ignition and indvuctance,

+  Piston almost reaches the op dead centre.

+  The fuel is injected into the hot compressed air inside the evlinder. ‘The foel mixed
with hot air and burns.

¢ The admission of fresh air into the crankease continues till the piston reaches

the Lop centre.



Second Stroke (Downward Stroke of the piston)

i} Kxpansion and crank case compression:

*  The borning gases expand 1n the eylinder.

*  Buming gases force the piston o meve down, Thos nselul worle is oblained.

¢ At the same tume, the air in the crank case is compressed by the movement of plsto.

»  All the ports and the plate valve are in closed position

Sceond Stroke {Downward Stroke of the piston) (d)

Exhausi and Transler:

+ Al the end of expansion, the exhaust port is uncovered.

+  The burnt eseape o the atmosphere theough the exhanst port.

*  Transfer port is also uncovered shortly afler the exbaust port 15 opened.

= The partally compressed air (rom crank ¢ase enters the eylinder the ransler port.

«  This air iy deflected upwards by the deflected shape of the piston,

*  Thus the enlering air helps in [orcing oul the combustion products from the evlinder

*  The plate valve remains durlng this period,



Four stroke cycle Petrol Engines

Construction :

A piston reciprocates mside the cylinder
The piston is connected to the crank shalt by means of a connecting rod and crank.
The inlet and cxhaust valves are mounted on the eylinder head.

A spark is provided on the cylinder Head.

Luaplh

Strnlzc

T linvdon
Fizlan
TTeand

Listan 4

The Tuel used is petrol

Four Stroke Petrol Engine- Working

\ Fower Exhaust Intake Compression 5

(a) Suction Stroke (First Siroke of the Engine)

Tiston movies down [vom TDC w0 BDC
Inlet valve is opened and the exhavst valve is closed.

Pressure inside the evlinder 15 reduced below the atmosphernic pressure.



= The mixture of air fuel is sucked into the cylinder through the inlel valve.

(b)) Compression Stroke : (Second Stroke of the piston)
= slon moves up rom BDC 1 TDC
«  Baoth inlet and exhaust valves are ¢closed,

*  The air fuel mixture in the cylinder 15 compressed.

{c) Working or Power or Expansion Sireke: (Third Stroke of the Engine)
* The burning gases expand rapidly. They exert an impulse (thrust or Toree) on the
piaton. The paston 1@ pushed rom TDC w BDC
+  This movement of the piston is converted into rotary morion of the crankshaft
through comecting rod.

«  [ath inlet and exhaust valves are closed,

(d) Exhaust Steoke (Fourih stroke of the piston)
+  Piston moves upsard from BIC
= Exhauwst valve is opened and the inlet valve 15 closed.
»  The burnt gases are forced out to the atmosphere through the exhaust valve (Some
of the bumt gases stay i the clearance volume of the cylinder)
+  The exhanst valve closcs shortly atrer TDC
*  The inlet valve opens slightly before 'TDC and the eylinder 15 ready (o receive

fresh charge to start a new cyele,

Summary :
»  Compression Tatio varies rom 5 w 8
*  The pressurc ot the cod of compression 18 about 6 to 12 bar.

*  The temperature at the end of the compression reaches 2507 C 1o 350" C



Four Stroke Diesel Engine

Construction:
» A piston reciprocates mside the cylinder
*  The piston s connceted o the crankshatt by means of a cannceting rod and crank.
*  The inlet and exhaust valves are mounted on the evlinder head.

= A el injector is provided oo the eylinder head

The fuel used is diesel.

(1) Suction Stroke (First Stroke of the piston)

«  Plston moves trom TDC 1o BIYC

= Inlet valve is opened and the exhaust valve is closed.

¢ The pressure inside the cvlinder is reduced below the atmospherie prossure.

¢ Hresh air from the atmosphers is sucked into the engine eylinder through air cleaner

and inlel valve.

(1) Compression siroke {Second siroke ol the piston)
»  TMalon moves [Tom BDO 1o TDC

«  Both inlet and exhaust valves are closed,

*  The air s drawn dunne suction stroke 15 compressed (o a high pressure and temperature



{c) Working or power or expansion stroke (Third stroke of the piston)
+  The hurning gases (products of combustion ) expand rapidly.
»  The buming guses push the piston move downward from TDC w BDC
*  This movenient of piston 15 converted wto rotary motion of the crank shatt
through comecting rod.

+  PBoth inlet and exhaust valyves are closed,

() Exhanst Stroke (Fourth stroke of the piston)
« Piston moves from BDC 1o TDC
+  Hxhaust valve is opened the inlet valve is closed.
*  The buent cases are forced out to the atmosphore theoueh the cxhaost valve. (soume
of the burnt gases stay in the clearance volume of the cylinder)
+  The exhavst valve cluses shorly aller TDC
+  The inlet valve opens slightly betore TDC and the cylinder 15 ready o preceive fresh

air Lo slart a new cyele.

Seavenging :
» It iy the process of forcing out the bumt exhaust gases from the cylinder for
admitling the fresh charge inlo the eylinder.

* This action takes place in the two stwoke cylinder.

Scavenging Process

«  The charge (air fuel mixture or air) enters the engine cylinder from thecrank case at
a pressure higher than the exhaust pases.

«  This fresh charge forces the cxhavst gascs 1o the atmosphere throughthe cxhaust
Al

*  During the pericd both the ransler and cshaust pocis are kept open Loea short
period.

*  Hence there 15 a possibility of the fresh charse escaping oul with the burnl rases.

»  This is over come by designing the pistan to have a detlected shape.

*  This shape of piston dellects the fresh charge upward i the engine cylinder.



Tealso helps out in [orcine out the exhaust cases 1o aimosphere.

This process is known a5 Seavenging.

Comparigon hetween 81 and CI Engines (General Comparison):

5, sSpark lgnition Kngines (S1) Compression 1gnition Engines (CI)
0,
l It dvaws air [uel mixture inte the evlinder Tt draws only air into the eyvlinder duing
during suction strokc suction stroke,
2 | Petrol engines operate with low Dicsel engines operare with high pressure
pressure and lemperature and temperature
3. | Pressure ranges Irom 6 w12 bar Pressure ranges rom 35 o 40 bar
%) (1 V] 4]
Temperature ranges from 230 to MHHC Temperatoee ranges from 600 to 700 C
4 | It1s [itted with carburctor and spark plugs It s [ied with fucl wjecion pumnp and
injectors
3 | The burning ol [uel takes place at constant | The burning of Tuel takes place at constant
volume pressure
fi. | lgnition of air fuel mixtoee takes place by lenition of awr fucl takes placed by a
an electric spark produced by spark plug injection of fuel into the hot compresyed
ar.
7

Petred engines are qualily ssoverned
angines. The specd of petrol cngines arc
controdled by varying the quantity of air

[uel mixture.

Dhesel cognines are quantity coverned
cngines, The speed of dicsel engines arc
comtrolled by varying quality of air fuel

misiure, (rch or weak misiure)




8 | Pctrol engines are widely used in

automobiles and aeroplanes ele..

Comparison between 81 and CC1 Engines (Merits and Demerits):

S5.Nn Spark lgnition Engines (81} Compression lgnition Engines (CI)

| Merils: Ot cyele is coploved in Demerits: Dicsel coneines works on
petrol enging. Otto cvele 15 more dicsel cyele, Miesel evele is less efficient
eificient lor 4 viven compression than Oto cvele for 8 given compresyion
ratio, ratio,

2 Opcrating speed 15 more. Specd Opecrating speed 1s less. Speed range 1s
range is 3000 o 6000 rpm 00 ey 3500 .

% Starting 1% easy, since cranking Starting is dilTicult since mwre crankinge
citort required is Loss ctfort is required.

4 Merits: Initial cost and maintenance | Demerits: More initial and maintenance
cosl arc less cosls sinec the construction 1s heavy and

sturdy,

5 Produces less noise, Procuces more noise.

0 Weight per unit power is lesy Weight per unit power is more,

4 Lemernits: Thermal efficiency is Ments: Thermal efficiency is high since
loss, SinCS COMProssion ratio s COMMPression ratio is hieh, 12 w 18,
limited. 5 — 8

3 specitic fuel consumption is more, specitic fuel consumption is less

{1 The Tuel used 15 petmol. Tois costher | The Tuel used 15 diesel. Tt is cheaper than

than diesel. It is volatile and firg

petrol, 1t 15 Tess volatle and fire hazard is

Digscl engines arc widely vsed in heavy

vehicles, such as buses, lornes, trucly ele.,




harard 1s more less.

Comparison between Four stroke ¢yele and (wo stroke cycle engine (Merits and

emerits):

5.No.

Two Siroke Cycle Engine (Meriis)

Four Siroke Cycle Engine (Demerils)

I (ne power stroke in one One power stroke in two
revolution of the crankshall revolutions of the crank shall

2 Power developed for the same engimne Poawer developed for the same cngine
speed theoretically twice that of a four speed ik theoretically half that of two
siroke cogine stroke cosine,

3 sunple design and highuer in construction | For the same power complicated design
for the same power and heavier in construction

1 Unitorm torque is obtained. Tlence a Non uniform torque on the crankshaft,
lighter [Ty wheel can be used Henee a heavier [Nywheel 1s reguired

tor balancing,

3 Desivn of porks s simpler. Hence initial Diesien valve wechanism is dilTicualt.
cost 1s less Henee initial cost is move,

6 Mechanical eftficiency is high. No Mechanical efficiency i3 less. Power is
mving parts like cum, follower, rocker lost due w friction caused by valve
arm valves gtc.. mechanism

£ Starting is easy Starting is not s0 easy

& These engines are generally wir cooled These engines are senerally waler

cooled,




Comparisen between Four stroke eycle and twa stroke evele engine (Merits and Demerits):

S.Np. | Two Stroke Cycle Engine Four Stroke Cycle Engine (Moerits)
(DeMerils)

| Consumplion of lubricating ol Consumption of lubricating ol iy less,
15 more, becavse less tune is becanse more tume 1s allowed for removing
aviiluble Lo remove the heat heat from the cylinder.

2 More weur and Lear of moving Lass wear and tear of party 1 less
[ratts,

3 some of the fresh air tuel Fuel cannot escape with exhaust gases.
rislure may escape with Henee Tuel consumption iy less.

exhaust gases, Henee fucl

consumplion is more

4 Thermal elliciency 15 less. Thermal elfficiency is more,

3 It produces more notse due W Notse 15 lesys 1s less, Exhaust gases ane

sudden release of exhavst gascs | released Ln separare stroke,

f Acavenging is poar. since scavenging is beter. since therc is a
exhiust porl s open only [or 4 sepurate exhuust stroke [or the removal of
shorl tme cahausl pascs

T Mernts: Demerits:

Poor scavenging Icads o Better porfermance and ctficiency 15 more

mixing of fresh charge with
eahitusl rases, This results m

oo pertormance, slow ronning

Lro=

LIscd in light vchicles, like Used in heavy vehieles, Like buses. locries,




bikes, scooters. mopeds, ele., trucks ele.,

L ENGINE TERMINOLGOGY
The standard erms vsed in LC Engines arc
1. Bore: Inside diameter of the cylinder is termed as Bore.
2. Top Dead Center (TDC: The extreme position teached by the piston at the top of the
cylinder in the vertical engine is called Top Dead center.
3. Bowom Dead Center (BDC): The extreme position reached by the piston at the Botlom
ot the eylinder i the vertical engine 15 called Bottom Dead center,
4. Ktroke: 'I'he nominal distance travelled by the piston in the cylinder between the
cxtreme upper and lower positions ol the piston (TDC EBDCY 15 1ermed as stroke.
5, Compression ratio (r); It 15 the ratio of Maximum cylinder volume to the Clearance volume.
6. Cylinder volume (¥}): It is the sum of swepl volume and the Clearance

vodume. ¥ =¥s + Ve

7. Swept volume (V) [Lis the volume of space generated by the movement of piston from
onc dead center w0 another dead center,

B. Clearance Yolume( Ye): It is the space in the cylinder, when the piston is at Top Dead Center

Major paris ol an IC engine
1, Cylinder
* ltisaround cvlindrical casting in which a piston slides 10 and out to make strokes.
+  Combustion lake place inside the evlinder. The cylinder s closed by a eylinder head.

Material: Grey cast ivon, Aftonininm

2. Cylinder head

It 15 fitted w the wp of the evlinder, Tt has mlel and outlet values, spark plug, Fuel
Injoctor, Water jackets.

Material: C.1, Aluminium

3. Pislon



Tt 15 a device which wansmits the enerey (o) [orce al the expanding #as o the
u[mnar_'ting rivl. 1t slides up and down nzide the cylind.er.

Material: .0, Afuminium alfoy, Cast steel

4. Piston ringes: Piston rings are mscrted in the grooves of piston. There arc twa rypes
of rings.
1) Ol ving ¢ One ring 13 used)
2} Compression ringl Two ring is nsed)
5. Connecting rod: It converts the reciprocating motion of the piston into rofary motion
ol crankshall. The small end of the commecling rod s comnected o piston and the big end
is connecled o the crankshall,
Material: Plain carhon steel, Alominium alloys
6. Crank shalt: Tt i the device used [or sedting power rom the maotion of the piston
and connecting rod and this power 15 applicd to the flywheel,
Muelerial: Alloys steel
T. Camshall: It operiates the opeming and closing of the engine values. Tt has number of
cams which are driven by crank shatt theovgh timing ecars. The fonetion of the cam 18 1o
converl the rotary maotion into the linear reciprocating maotion
Material: Afloys steef
8. Crank case: It is the bottoun portion of the LC engioc and holds the eylinder and the
crank case. I also serves as a pump [or the lubricating oil.
Maierial: Alninitan afloy, Casi iron
4. Flywheel: [t is a big wheel attached with crankshatt, Tt maintaing the speed of the engine,
Lk ¥alves: The functiom of the value is 1o admil the fresh charge in the eylinder and to
send the exhanst pases out. There acre two values namely inlet valoe and outlet valoc.
Material: Inlet value: Nickel clirome.
Chtiet value: Nickel chieome, Stainfess steel ete
11. Water Jackets: Watcr jackets ave provided 1o the cvlder head, The purpose of

water jackets is 1o keep the walls of the engine conl.



Steam Boilers
+  Clenerates steam by transterring heat hy buming of fuel to warer.
*  Energy released by buming Niel (solid, liguid or saseous) is ransferred w the water
in the boiler.
Classification of boilers:
The steam bollers are classitied as
*  According to flow of water and hot gases.
1. Fire Tube Boilers
2. Water Toube Boilers
+  According to the method of firing,
1. Tnternally lired boilers
2. Lxrernally tired bollers
= According (o the Pressure developed
1. Lisw pressure botlers
2. High pressure boilors
In fire tuhe hoilers,
= The ot sases pass tieowely the wbes surrounded by water.
»  'The water is get heated up and converted into steam
= The exhaust mases are sent Lo atiosphere hroueh chimney.

Lacomenive bofler, Lancashive boiler,
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