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PART - A

In S.I. engine detonation occurs when the end charge auto ignites before the flame reaches it. Hence
the factors which helps the fuel to ignite increase the tendency of detonation. Whereas in C.I. engine,
the knocking occurs because of the delay in the ignition of fuel, so any factor which increase the
tendency of fuel to ignite will definitely reduce knocking, so the factors which increase detonation in
S.I. engine reduce knocking in C.I. engines.

Effect of combustion chamber shape: The flame travel should always be shorter in order to have low
knocking tendency. Therefore, the combustion chambers are made as spherical as possible to minimize
length of the flame travel for a given volume which finally promotes turbulence.

Location of spark plug: In order to reduce knocking, the spark plug should be located near to
exhaust valve, suppressing the chance of pre-ignition.

Objective of supercharging:
1. To increase the power output for a given weight and bulk of the engine. This is important for
aircraft, marine and automotive engines where weight and space are important.

2. To compensate for the loss of power due to altitude. This mainly relates to aircraft engines which
lose power at an approximate rate of one percent for 100 metres altitude gain. This is also relevant
for other engines which are used at high altitudes.

3. To obtain more power from an existing engine.

The problems related to environment due to exhaust emission are

1. NOx and HC in presence of sunlight produces smog.

2. Due to green house gases (e.g. CO) the problem of global warming occurs.
3. Acid rain due to SOx emissions

4. Unpleasant Odours

Major exhaust emission are

1. Carbon Monoxides (CO) 2. Oxides of nitrogen (NOXx)
3. Oxides of sulphur (SOx) 4. Particulate matter
5. Unburnt hydrocarbons 6. Water vapour

Advantages of using LPG in S.I. engine:

1. It is cheaper than gasoline.

2. It is highly knock resistant and does not preignite easily.

3. It gives better manifold distribution and mixes easily with air.
4. Residue and oil contamination is small as it burns clearly.

5. Crank case oil dilution is small.

Disadvantages:

1. Much of its advantages are for engines of higher compression ratio.
2. It reduces volumetric efficiency due to its high heat of vaporization.
3. Handling has to be done for pressure of about 18 bar.

4. Response to blending is poor.
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Scavenging of 1.C. Engines
The scavenging, in an internal combustion engine, is the process of removing the burnt gases from
the combustion chamber of the engine cylinder.

Crossflow scavenging: In this method, the transfer port (or inlet port for the engine cylinder) and
exhaust port are situated on the opposite sides of the engine cylinder (as in the case of two stroke
cycle engines).

Back flow or loop scavenging: In this method, the inlet and outlet ports are situated on the same
side of the engine cylinder.

Uniflow scavenging: In this method, the fresh charge, while entering from one side (or sometimes
two sides) of the engine cylinder pushes out the gases through the exit valve situated on the top of
the cylinder.

Note: The scavenging efficiency of a four stroke cycle diesel engine is between 95 and 100 percent.

Governing of I.C. Engines
The process of providing any arrangement, which will keep the engine speed constant (accord-ing to
the changing load conditions) is known as governing of I.C. engines.

Hit and miss governing: In this system of governing, whenever the engine starts running at higher
speed (due to decreased load), some explosions are omitted or missed. This is done with the help of
a centrifugal governor. This method of governing is widely used for I. C. engines of smaller capacity
or gas engines.

Qualitative governing: In this system of governing, a control valve is fitted in the fuel delivery pipe,
which controls the quantity of fuel to be mixed in the charge. The movement of control valve is
regulated by the centrifugal governor through rack and pinion arrangement.

Quantitative governing: In this system of governing, the quality of charge (i.e. air-fuel ratio of the
mixture) is kept constant. But the quantity of mixture supplied to the engine cylinder is varied by
means of a throttle valve which is regulated by the centrifugal governor through rack and pinion
arrangement.

Ignition delay period in Cl engine is counted from the start of injection to the point where the
pressure-crank angle curve separates from the motoring curve indicated as start of combustion.
Physical delay: The Physical delay is the time between the beginning of injection and the attainment
of chemical reaction conditions

Chemical delay: During the Chemical delay, reactions start slowly and then accelerate until
inflammation or ignition takes place.

Carburettor

The carburettor is a device for atomising and vaporising the fuel and mixing it with the air in the
varying proportions to suit the changing operating conditions of the engine. The process of breaking
up and mixing the fuel with the air is called carburation.

Spark Plug

A spark plug is a device used to produce spark for igniting the charge of petrol engines. It is always
screwed into the cylinder head. It is, usually, designed to withstand a pressure upto 35 bar and
operate under a current of 10 000 to 30 000 volts. The spark plug gap is kept from 0.3 mm to 0.7 mm.
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Fuel injector is used in diesel engine to inject and atomize the diesel at the end of the compression
stroke.

SI engine means spark ignition engine. In SI engine air fuel mixture is ignited by spark plug hence it
is called spark ignition engine. It is also called as petrol engine.

CI engine means compression ignition engine. In CI engine the fuel is injected by a fuel injector in
atomized form because of high compressed air it gets ignited automatically. Hence it is called as
compression ignition engine.

It is the accounts of heat supplied and heat utilized in various ways in the system. The heat balance
is generally done by minute basis or percentage basis.

It is defined as the average pressure acting on the piston during the entire power stroke that would
produce the same amount of net work output during the actual cycle. It is also defined as the ratio of
work-done per cycle to swept volume.

* To inject the fuel at correct moment, and quantity at various load conditions
* To inject the fuel in a finely atomized condition.

* To distribute the fuel uniformly in the combustion chamber.

* To control the rate of fuel injection.

It is the time interval between the instant of spark and the instant when there is anoticeable rise in
pressure due to combustion.

Brake Power: It is defined as the power developed at output crank shaft of an engine for doing
external work.

Indicated Power: It is the power developed by the engine inside the cylinder due to the fuel
combustion in the combustion chamber.

Morse test is a performance test conducted on multi cylinder engines to measure the indicated power
without the use of indicator diagram.

It is the ratio of fuel consumption per unit time of power developed.

* To control the delivery stroke effectively.
* To control the amount of fuel supplied to the engine.

Glycerin has boiling point of 90°C which increases its heat carrying capacity. Thus weight of coolant
gets reduced and smaller radiator can be used.

The S.I. or spark ignition engine uses petrol as a fuel and the C.I. or compression ignition engine uses
diesel as a fuel. Both the fuels has different compression ratio.

In SI engine the compression ratio is 8-12:1.
In CI engine the compression ratio is 16-22:1.
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So in case of SI engine, the compression ratio is not sufficient for fuel to burn so a spark plug is used,
whereas in ci engine, the compression ratio is so high that due to its internal heat the fuel is combusted
so there is no need for a spark plug. So the technology used in SI engine is different from CI engine.

Air injection system Air less (solid) injection system
1. Liquid fuel is sprayed into the engine | 1. Liquid fuel is injected into the
cylinder by means of compressed air. engine cylinder at high pressure by
2. It requires multi stage air compressor means of fuel pump.

which increases engine weight and reduces | 2. This system is wused = more
net power output. Itis used rarely. commonly.

The frictional power of an engine can be determined by the following methods
1. Willan's line method (used for Cl. engines only)

2. Morse test

3. Motoring test

4. Difference between I.P. and B.P.5. Retardation test

The flame front is a narrow zone separating the fresh mixture from the combustion products. The
velocity with which the flame front moves, with respect to the unburned mixture in a direction
normal to its surface is called the normal flame velocity.

Equivalence ratio is the ratio of the actual fuel-air ratio to the stoichiometric fuel-air ratio.

In a homogeneous gas mixture the fuel and oxygen molecules are more or less, uniformly distributed.
In a heterogeneous gas mixture, the fuel and oxygen molecules are not distributed uniformly.

Significance of Turbulence:

Turbulence plays a very important role in combustion phenomenon in S.I. (as well Cl.) engines. The
flame speed is very low in non-turbulent mixtures. A turbulent motion of the mixture intensifies the
processes of heat transfer and mixing of the burned and unburned portions in the flame front
(diffusion). These two factors cause the velocity of turbulent flame to increase practically in proportion
to the turbulent velocity. The turbulence of the mixture is due to admission of fuel-air mixture through
comparatively narrow sections of the intake pipe, valves etc., in the suction stroke.

The main macro mass motion within the cylinder is rotational motion and is called swirl. It is generated
by constructing the intake system to give a tangential component to the intake flow as it enters the
cylinder. This is done by shaping and contouring the intake manifold, valve ports and even the
piston face. This radial inward motion of the gas mixture is called "squish' It adds to other mass
motions within the cylinder to mix the air and fuel and to quickly spread the flame front as the piston
nears T.D.C. squish motion generates a secondary rotational flow called "tumble". This rotation
occurs about a circumferential axis near the outer edge of the piston bowl.

The factors that tend to prevent knock in SI engines and promote knock in Cl engines.

(a) High self ignition temperature. (b) Long ignition delay

(c) Low compression ratio (d) Low inlet temperature and pressure
(e) Low combustion wall temperature (f) High speed, rpm

(

g) Small cylinder size.
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The free air delivered (F.A.D.) is the actual volume delivered at the stated pressure reduced to
intake temperature and pressure, and expressed in m3/min.

The displacement is the actual volume in m/min swept out per minute by the L.P. piston or pistons
during the suction strokes.

The free air delivered per minute is less than the displacement of the compressor because of the
following reasons:

1. The fluid resistance through the air intake, and valves prevents the cylinder being fully charged
with air at atmospheric conditions.

2. On entering the hot cylinder the air expands

3. The high-pressure air trapped in the clearance space, must expand to a pressure below atmospheric
before the automatic suction valves can open; a portion of the suction stroke is therefore wasted
in effecting this expansion.

4. A certain loss is caused by the leakage.

Benefits of Ethanol Blending:
As ethanol contains oxygen, it burns completely, emitting nil carbon dioxide.

It is expected that the ethanol project will reduce greenhouse gases equivalent to about three lakh
tonnes of CO, emission per annum.

Using stubble of post-harvest for ethanol production reduces stubble-burning so as air pollution
along with helping in increasing farmers' income.

As the ethanol blending program run by various developed nations, global corn, and maize production
is down, this may act as an incentive for India's export.

Given, circulation ratio = 12.5

. . N farisor ==L _008
ryness fracion at the top of a riser _CR_12.5_ :

On account of slip, the whirl component of velocity gets reduced which in turn decreases the energy
transfer and the pressure developed. Slip factor is the ratio of actual and theoretical values of the
whirl components at the exit of impeller tip.

Shp - (Ct)Theoretical - (Ct)Actual

. - (Ct )Actual
Slip factor ~ (C)

Theoretical

Basic rule curve represents accumulation of water in reverse order of time of deficiency between
firm load and energy available from stream flow in critically dry periods.

The power developed by a hydro plant depends upon the discharge and head and is directly
proportional to their (discharge and head) product.

The factors governing the site selection for a hydroelectric plant are:
(i)  Availability of water

(ii) Water storage

(iii) Water head

(iv) Distance from load centre

(v)  Accessibility of the site
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(vi) Water pollution,

(vii) Sedimentation

(viii) Large catchment area

(ix) Availability of land

(x)  Possibility of stream diversion.

The catchment area is the area, bounded by watersheds, which drains into a stream or river across
which the dam has been built at a suitable place.

A hydrograph is a graphical representation between discharge or flow with time.
Mass curve is a curve which indicates the total volume of run-off in m® up to a certain time.

The abscissae for the mass curve may be a day, month or year and ordinate may be plotted in terms
of second-metre-day or second-meter-month which means the flow collected at the rate of 1 cubic
metre per second for one day or one month respectively. It indicates the total volume of run-off in
m? up to a certain time.

Mass curve is used in determination of the capacity of the storage reservoir in hydro projects.

The forebay serves as a regulating reservoir storing water temporarily during light load period and
providing the same for initial increase on account of increasing load during which water in the canal
is being accelerated. In short a forebay may be considered as an enlarged body of water just above
the intake to store water temporarily to meet the hourly load fluctuations. This may either be a pond
behind the diversion dam or an enlarged section of a canal spread out to accommodate the required
widths of intake.

A reduction in load on the generator causes the governor to close the turbine gates and thus create
an increased pressure in the penstock. This may result in water hammer phenomenon and may need
pipe of extraordinary strength to withstand it otherwise the penstock may burst.

Surge tank is provided to absorb sudden changes in water requirements and reduce water hammer
and negative pressure in penstock.

Kaplan turbine is ideally suited to pumped storage plants because its runner is capable of reverse
operation as a pump.

The operating cost of nuclear power plants is quite low and once the installation is completed, the
loading of the power plant will have no effect on the generation cost. Therefore, a nuclear power
plant is always operated as a base load plant. The nuclear power plants are usually not operated at a
load factor less than 0.8.

Three important factors in choosing a site for atomic power plants are :
(i) availability of water supply (ii) distance from populated area and (iii) transportation facilities.

Three different types of fuels used in nuclear reactor are:
(i) natural uranium U-235
(ii) plutonium (iii) enriched uranium.
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The disintegration or decay of unstable atoms accompanied by emission of radiation is called the
radioactivity.

The decay or disintegration constant may be defined as the proportion of atoms of an isotope decaying
per second.

The half life or half life period of a radioactive isotope is the time required for one half of the isotope
to decay.

The difference between the experimental mass and calculated mass of the nucleus is called the mass
defect or mass deficit.

The energy that binds the nucleus together in the nucleus is called the nuclear binding energy. Binding
energy is the energy equivalent of the mass defect.

1 amu = 931.5 MeV; amu stands for atomic mass unit.

When two or more lighter nuclei (H, or H,) with lower binding energy per nucleon are combined or
fused together into a heavier and more stable nucleus, there is a release of energy. This process of
releasing energy is known as fusion.

The splitting of a heavy nucleus into two or more smaller nuclei is termed nuclear fission.

The materials which are known to undergo neutron fission are U-235, U-233 and Pu-239. These are
fissile materials. There are materials (**U,, and **Th, ) which occur in nature, are called fertile materials.
Fissionable materials #*U,, and **Th,, are formed in the, nuclear reactors during fission process from
U, and **Th,,. Th respectively due to absorption of neutrons without fission.

The concepts of nuclear power generation are much similar to that of conventional steam power
generation. The difference lies only in the steam generation part i.e., coal or oil burning furnace and
the boiler are replaced by nuclear reactor and heat exchanger.

A nuclear power plant consists of a nuclear reactor (for heat generation), heat exchanger (for converting
water into steam by using heat generated in the nuclear reactor), steam turbine, alternator, condenser
etc.

Reactor is that part of nuclear power plant where nuclear fuel is subjected to nuclear fission and the
energy released in the process is utilised to heat the coolant which may in turn generate steam or be
used in a gas turbine.

A nuclear reactor consists of reactor core, moderator, control rods, coolant, reflector, thermal
shielding, reactor vessel and biological shield.

The purpose of a moderator in a nuclear power reactor is to slowdown the neutrons.
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Three commonly used moderators are: (i) graphite (ii) ordinary or natural water and (iii) heavy
water.

Control rods are meant for controlling the rate of fission of U-235.

The materials used for control rods must have very high absorption capacity for neutrons. The
commonly used materials for control rod are cadmium, boron or hafnium.

The main disadvantages of sodium graphite reactor are (i) relatively complex core (ii) requirement
of enriched fuel (iii) requirement of triple cycle cooling system with dual heat exchangers to minimize
hazards etc.

The nuclear waste is disposed of as follows:

1. Solid waste is stored in suitable containers, which are sunk to the bottom of seas and oceans.
2. Liquid waste is diluted and disposed in river and sea after treatment.

3. Gaseous waste is discharged to atmosphere at high level after filteration and treatment.

Load curve: The curve obtained by plotting time in hours (Day, month, or year) on X-axis and load
(kW or MW) on Y-axis is known as the load curve.

Load Duration Curve: The load Curve gives the variations of load. But in the Load Duration Curve,
all the loads are arranged in descending order of magnitudes from the greatest load on the left and
the least loads on the extreme right.

Load Factor: The load factor is defined as the ratio of the average load to the maximum demand of
a power station during a certain period of time.

Average load (Demand)

Load Factor = Maximum Demand (peak load)

Demand Factor: The demand factor is defined as the ratio of maximum demand on the power station
to its connected load, the demand factor formula is as follows,

Maximum Demand

Demand Factor = Connected load

Diversity Factor: It is defined as the ratio of the sum of the individual demands of all consumers to
the maximum demand of the power station. The diversity factor formula is as follows:

Sum of individual Maximum Demands

Diversity F _ . ;
iversity Factor Maximum Demand of Power Station

Plant use factor: It is the ratio of kWh generated to the product of plant capacity and the number of
hours for which the plant was in operation i.e

Station Output in kWh
Plant CapacityxHrs of use

Plant use Factor =
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Base Load: Base load is the minimum amount of power demand on an electrical grid over a given
period of time. It is usually considered as a constant load being maintained.

Peak load: Peak load is the highest level of electricity demand on an electrical grid over a given
period of time. This peak is the maximum load, sometimes.

PART -B

1. Basic cycle: S.I. engine works on otto cycle whereas C.I. engine works on diesel cycle.

2. Fuel: Fuel used in S.I. engine should be of high self ignition temperature and high octane number
(petrol). In C.I. engine, the fuel should have low self ignition temperature and high cetane number.

3. Introduction of fuel in cylinder: In S.I. engine a mixture of air and fuel mixed through carburettor
is introduced in the cylinder. In C.I. engine, the fuel is injected directly into the combustion
chamber of the end of compression stroke.

4. Ignition: In S.I. engine, there is spark ignition, whereas in C.I. engine, ignition is through
compression.

5. Compression ratio: In S.I. engine usually the compression ratio is 6-11 which is restricted by
detonation. In C.I. engine compression ratio is about 13-22. Higher compression ratio reduces
knocking but is restricted by mechanical and thermal strength of the engine.

6. Speed: S.I. engine operates at a higher speed (2000-6000 rpm) as compared to C.I. engine (400 -
1200) rpm.

7. Efficiency: Higher efficiency of S.I. engine for same compression ratio and heat input than C.1.
engine.

8. Weight: Weight per unit power in S.I. is lower as compared to C.I. engine.

1. Pre-ignition: Due to formation of localised overheated spots which might occur at spark plug,
combustion chamber deposits or exhaust valves, the ignition might occur before passing of spark.
This ignition is called pre-ignition.

2. Detonation: In normal combustion, a normal flame front travels across the combustion chamber
from A to D.

As the flame front propagates, the temperature of the end charge increases due to 3 reasons:

(i) Compression of end charge due to expansion of already burnt fuel.

(ii) Radiation from the flame front.

(iii)Hotspot like exhaust valve.
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If this end charge, CCD auto ignites before the flame front reaches it this is called detonation. In S.I.
engine detonation occurs near the end of combustion.

3. Diesel Knock: The injection process in C.I. engine takes place over a define interval of time.
Consequently as the first droplets to be injected are passing through the ignition delay period,
additional droplets are being injected into the chamber. If the ignition delay of the injected fuel
is longer, the actual burning of the first droplets is delayed and a greater quantity of fuel droplets
will get accumulated in the chamber. When actual burning commences, the additional fuel can
cause too rapid rate of pressure rise, resulting in jamming of the piston and rough engine operation.

The injection process in C.I. engine takes place over a define interval of time. Consequently as the
first droplets to be injected are passing through the ignition delay period, additional droplets are
being injected into the chamber. If the ignition delay of the injected fuel is longer, the actual burning
of the first droplets is delayed and a greater quantity of fuel droplets will get accumulated in the
chamber. When actual burning commences the additional fuel can cause too rapid rate of pressure
rise, resulting in jamming of the piston and rough engine operation.

1. In the SI engine, the detonation occurs near the end of combustion whereas in the CI engine
detonation occurs near the beginning of combustion.

2. The detonation in the SI engine is of a homogeneous charge causing vary high rate of pressure
rise and very high maximum pressure. In the CI engine, the fuel and air are imperfectly mixed
and hence the rate of pressure rise is normally lower than that in the detonating part of the
charge in the SI engine.

3. Since, in the CI engine, the fuel is injected into the cylinder only at the end of the compression
stroke there is no question of 'preignition' or 'premature ignition', as in the SI engine.
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Comparison of Knocking in SI & CI engine:

Effect of operating variables on delay period and diesel knock.

Compression ratio: High compression ratio results in high pressure and temperature at the time of
injection, hence reducing delay period and thus reduce knocking.

Speed: As speed increases, the delay period in terms of millisecond decreases but in terms of crank
angle increases, hence chances of knocking increases.

A/F ratio: Increasing A/F ratio will result in less maximum temperature and hence it increases delay
period and increases chances of knocking.

Delay period is the time elapsed during which although the fuel is injected but no ignition has taken
place.

Factors affecting delay period:

1. Fuel: A fuel having higher cetane number (lower self ignition temp) has lower delay period.

2. Injection pressure on size of droplet: In order to achieve complete combustion the size of the
droplet should be small. So higher the injection pressure (droplet size), smaller is the size of
droplet.

3. Injection advance angle: As the pressure and temperature are lower when the injection begins,
the delay period increases with increase in injection advance angle.

4. Compression ratio: Increase in compression ratio reduces the delay period as it raises both
temperature and density.

5. Water jacket temperature

6. Fuel temperature

7. Air fuel ratio

In spark ignition engines, the autoignition of the end gas away from the spark plug, most likely near
the end of the combustion causes knocking. But in compression ignition engines the autoignition of
the charge causing knocking is at the start of combustion. It is the first charge that autoignites and
causes knocking in the compression-ignition engines. This is illustrated in the figure.
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It is clear from the figure that explosive auto-ignition is more before the peak pressure for the
compression-ignition engines. But for spark ignition engines, the condition for explosive autoignition
of the end charge is more favourable after the peak pressure.

(1) High compression ratio: As the compression ratio is increased, the pressure, the temperature
and the overall density of the charge increase. Therefore, an increases in compression ratio
increases the knocking tendency of the engine.

(2) Super Charging: The mass of the induced charge can be increased by supercharging the engine.
The charge density will be increased which in turn will increase the tendency to knock.

(3) Increased inlet temperature of the mixture: An increase in the inlet temperature of the mixture
increases the temperature at the end of compression, which in turn increases the temperature of
the last part of the charge to burn, thus shortening the delay period and greatly increasing the
tendency to knock.

(4) Increase in spark timing: An increase in spark advance from the optimized timing increases the
peak pressure of the cycle and therefore increases the pressure and temperature to which the last
part of the charge is subjected. This shortens the delay period and increases the tendency to
knock.

(5) Increased Power Output: An increase in the power output of the engine increases the temperatures
of the cylinder and combustion chamber walls and also increases the temperature and pressure
of the end-gas, thus, reducing the delay period. Therefore, the tendency to knock increases.

Comparison of knocking phenomena in Sl and Cl engines:

* In Sl engines, the autoignition of the end gas away from the spark plug, most likely near the end
of the combustion causes knocking. But in Cl engines, the autoignition of the charge causing
knocking is at the start of combustion. It is the first charge that autoignites and causes knocking
in the Cl engines. In order to avoid knocking in Sl engines, it is necessary to prevent autoignition
of the end gas to take place at all. In Cl engine, the earliest possible autoignition is necessary to
avoid knocking.

* In Sl engines, the charge that autoignites is homogeneous and therefore intensity of knocking or
the rate of pressure rise at explosive autoignition is likely to be more than that in Cl engines
where the fuel and air are not homogeneously mixed even when explosive autoignition of the
charge occurs. Therefore, it is often called detonation in Sl engine.

* In Cl engines, only air is compressed during the compression stroke and the ignition can take
place only after fuel is injected just before the top dead centre. Thus there can be no pre ignition
in Cl engines as in Sl engines.

* A good fuel for spark-ignition engine is a poor fuel for Cl engine. The SI engine fuels have high
octane rating and low cetane rating, whereas diesel fuels have high cetane rating and low octane
rating.
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Blending ethanol to a certain extent with petrol that makes it burn fewer fossil fuels while running
vehicles is called ethanol blending.

The Department of Food and Public Distribution (DFPD) is the nodal agency for the promotion of
fuel-grade ethanol-producing distilleries in the country.

In the current vehicle, ethanol added to petrol has no impact. Since ethanol contains oxygen, it aids
in more complete combustion, lowers emissions, and improves the fuel's environmental performance.
Ethanol is an agricultural byproduct, mainly obtained from the processing of sugar. It can also be
obtained from other sources such as rice husk or maize.

By 2023, all vehicles will be E20 (20% ethanol in petrol) material compatible, as committed by the
auto industry. Therefore, in order to carry or store fuel that contains 20% ethanol, the fuel points,
plastics, rubber, steel, and other components in cars would need to be compatible.

+ SI Engine CI Engine

* Theidealcycle for the Sl engineis the Ottocycle * Theidealcyclefor the Clengine is the diesel cycle

* Heatadditionis at constant volume. * Heatadditionis at constant pressure.

* Itusesspark plugforignition e It does not use spark plug for ignition but self
ignition take place due to compression of air

* Itusescarburetter to supply air fuel mixture * Itusesfuel pump and injector to supply fuel.

* Lower compressionratio engine (6 to 10.5) * Highcompressionratio engine (14 to22)

PA PA

3 23

v
v
<

Supercharging: The power output of an engine depends on the amount of air inducted per unit time,
the degree of utilization of this air and the thermal efficiency of the engine. The amount of air
inducted power unit time can be increased by increasing the density of air at intake. The method of
increasing inlet air density is called supercharging.

It is achieved by providing high density air through compressor or rootblowers to the engine.
The effect of supercharging on various parameters is as follows:
1. Power Output: The power output of a supercharged engine increases.

2. Mechanical efficiency: Mechanical efficiency of a supercharged engine is slightly better than that
of a naturally aspirated engine.

3. Fuel consumption: Specific fuel consumption in a supercharged engine is slightly lesser than that
of naturally aspirated engine.
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Sol. Various configuration of superchargers:

After Cooler
1
After Cooler
C T

5
: 7
— . _@ >
a E
@ — P

After Cooler After Cooler

MM «
. R

i 2 E
i C =]
| o — |
1 = inlet to compressor C = Compressor
2 = outlet from compressor E = Engine
5 = inlet to turbine P = Power output
6 = outlet from turbine T = Turbine

i = inlet to engine
e = exhaust from engine
w = water
94.
Sol.  Supercharging is generally not preferred for single-cylinder engines for several reasons:

1. Complexity: Adding a supercharger increases the complexity of the engine design. Single-cylinder
engines are often used in applications where simplicity and reliability are key, such as small
motorcycles, lawnmowers, or generators.

2. Weight and Size: Superchargers add weight and bulk to the engine. For single-cylinder engines,
which are typically designed to be lightweight and compact, this can be a significant disadvantage.

3. Power Delivery: Single-cylinder engines inherently have uneven power delivery due to their
design. Adding a supercharger can exacerbate this issue, making the engine feel less smooth and
more prone to vibration.
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Cost: The cost of integrating a supercharger into a single-cylinder engine can be prohibitive,
especially when considering the target market for these engines, which often prioritizes low-cost
solutions.

Efficiency: Supercharging can lead to increased fuel consumption, which is counterproductive in
applications where fuel efficiency is essential. Single-cylinder engines are often designed for
maximum efficiency, and adding a supercharger may negate those benefits.

Limited Gains: The performance gains from supercharging a single-cylinder engine may not be
significant enough to justify the additional complexity and cost. Multi-cylinder engines typically
benefit more from forced induction due to their ability to manage airflow and combustion more
effectively.

The emission from the S.I. and C.I. engine are as follows:

1.
2.

Evaporative losses: Due to evaporation of fuel in fuel tank and carburetter.

Crankcase blow-by: It is the phenomena of leakage past the piston and piston rings from the
cylinder.

Carbon monoxide: CO is a product of incomplete combustion due to insufficient amount of air in
the air-fuel mixture.

Hydrocarbons: Unburnt hydrocarbon emissions are the direct result of incomplete combustion.
The factors affecting are induction system design, combustion chamber design, air-fuel ratio etc.

NO, : Oxides of nitrogen which also occur only in the engine exhaust are a combination of nitric
oxide (NO) and nitrogen oxide. Nitrogen and oxygen react at relatively high temperatures.
Therefore, high temperatures and availability of oxygen are the two main reasons for the formation
of NOx.

Emission control can be achieved through:

1.

SANNAN

Engine design modification:

(i) Use of leaner air-fuel ratios

(ii) Retarding ignition timing

(iii) Modification of combustion chamber configuration
(iv) Reduced valve overlap

Exhaust gas oxidation:

(i) After burner

(ii) Exhaust manifold reactor

(iii) Catalytic converter

Fuel modification

Blow by control

Using evaporation loss control device (ELCD)
Control of oxides of nitrogen

(i) Exhaust gas recirculation (if) Water injection (iii) Use of catalyst

Most modern cars are equipped with three-way catalytic converters. "Three-way" refers to the
three regulated emissions which helps to reduce - carbon monoxide, unburnt hydrocarbons and
nitrogen oxide molecules. The converter uses two different types of catalysts, a reduction catalyst
and an oxidization catalyst. Both types consist of a ceramic structure coated with a metal catalyst,
usually platinum, rhodium and/or palladium. The idea is to create a structure that exposes the
maximum surface area of the catalyst to the exhaust stream, while also minimising the amount of
catalyst required (they are very expensive).

There are three main types of structures used in catalytic converters - ceramic honeycomb, metal
plate and ceramic beads (now almost obsolete) - the Scorpio like most cars today use a ceramic
honeycomb structure.
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The Reduction Catalyst: The reduction catalyst is the first stage of the catalytic converter. It uses
rhodium to help reduce the nitrogen oxide emissions. When such molecules come in contact with the
catalyst, the catalyst rips the nitrogen atom out of the molecule and holds on to it, freeing the oxygen
in the form of O,. The nitrogen atoms bond with other nitrogen atoms that are also stuck to the
catalyst, forming N,.

The Oxidization Catalyst: The oxidation catalyst is the second stage of the catalytic converter. It
reduces the unburned hydrocarbons and carbon monoxide by burning (oxidizing) them over a platinum
and palladium catalyst. This catalyst aids the reaction of the CO and hydrocarbons with the remaining
oxygen in the exhaust gas.

Reactions taking place in catalytic converter:

1. Oxidation: Oxidation of carbon monoxide to carbon dioxide: 2CO + O, —» 2CO,

Oxidation of unburnt hydrocarbons (unburnt and partially-burnt fuel) to carbon dioxide and
water :

CH, +2+[3 +1)/2] O,—»xCO,+ (x + 1) H,O (a combustion reaction).
2. Reduction: Reduction of nitrogen oxides to nitrogen and oxygen: 2NOx — xO, + N,

Unleaded petrol is preferred in cars equipped with catalytic converters because lead can damage
the catalytic converter.

NOx formation:

Oxides of nitrogen which also occur only in the engine exhaust are a combination of nitric oxide
(NO) and nitrogen oxide (NO,). Nitrogen and oxygen react at relatively high temperature.
Therefore high temperature and availability of oxygen are the two main reasons for the formation
of NO,. When proper amount of oxygen is available, higher the peak combustion temperature,
the more is NO formed. The combination of HC and NO_ in the presence of sunlight and certain
atmospheric conditions produce photochemical smog.

Effect of various factors:

1. Compression ratio: Higher compression ratio increase NOx formation as maximum temperature

increases.

Air fuel ratio: Higher air fuel ratio reduces maximum temperature and NOx formation.

Retard spark timing: Retarding spark timing decreases NOx formation.

Exhaust gas recirculation: It reduces the maximum temperature and hence reduces NOx formation

I

Temperature and pressure of the inlet charge: A higher pressure and temperature gives higher
NOx formation.

To regulate the pollution emitted by cars and two-wheelers, the government has put forth regulations

known as Bharat Stage Emission Standard (BSES). The central government has mandated that all

vehicle manufacturers, both two-wheelers and four-wheelers, should manufacture, sell and register

only BS6 (BSVI).

Emission norms for BS6

* BS6 emission norms allow a motorcycle to emit not more than 60 mg/km of NO2 (Nitrogen
oxide).

* The particulate matter (PM) for petrol vehicles has been restricted to 4.5 mg/km.

* The limit of NOx for diesel engines is 80 mg/km. The HC + NOx limit has been set to 170 mg/km
and PM level limit has been set to 4.5 mg/km.

* The BS6 fuel has less sulphur and NOx. The content of sulphur in BS6 fuel is 10 ppm.

Devices and technology introduced to meet BS-VI norms:

* Selective catalytic reduction technology: It reduces oxides of nitrogen by injecting an aqueous
urea solution into the system. Hence, NOx from diesel cars can be brought down by nearly 70%.
In the petrol cars, they can be reduced by 25%.
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* Mandatory on-board diagnostics which inform the vehicle owner or the repair technician about
how efficient the systems in the vehicles are.

* RDE (Real driving emission) is introduced for the first time that will measure the emission in
real-world conditions and not just under test conditions.

Indicated Power (I.P): The power produced inside the engine cylinder is called indicated power.
Brake power (B.P): The power output of the engine at the crank shaft is called brake power. It is also
called shaft power.

= ﬂin KW

60000

T=(w-s)R
N = speed in rpm
Friction Power (F.P): The difference between indicated power and brake power. It is the power
wasted due to friction at the bearings and sliding parts

FP=1P-BP

Mechanical efficiency: It is the ratio of brake power to the indicated power. It is denoted by n_

Brake Power  B.P

Mo = Indicate Power ﬁ

Brake thermal efficiency: It is defined as the ratio of heat utilized to produce brake power to heat
supplied. It is denoted by n,

Heat equivalent to B.P

Brake thermal efficiency ~ Heat supplied

_ B.Px60
o m, xC,

m, = mass of fuel supplied per min, in kg/min
C, = calorific value of fuel, kg/kg
Indicated thermal efficiency: It is defined as the ratio of heat utilized to produce indicated power to

heat supplied. It is denoted as n,

Heat equivalent to I.P

Indicatedthermabfficiency = . ¢ supplied

_ LPx60
nb _meCV

Indicated mean effective pressure (IMEP): It is defined as hypothetical pressure which is thought to
be acting on the piston through out the power stroke and based on indicated power.
_ 1P
P LAN
Brake thermal effective pressure (BMEP): It is defined as hypothetical pressure which is thought to
be acting on the piston through out the power stroke and based on brake power.
p - LP
mb - LAN
Specific heat consumption (SFC): It is the mass of fuel consumed per KW developed per hour.

Il‘lf
=—f ke /KWh
S.F.C BP g/
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Crank angle (deg)

Three phases of combustion in SI engine
1. Ignition lag

2. Propagation of flame

3. After burning

70 Start of

combustion Compression

pressure

40 0.001 sec.

30 F Injection

Atmospheric
T T T T T TT T T T T T T

T
120 80 60 40 20 0 T.D.C. O 20 40 60 80 120120
Time. degrees of cranbshaft rotation (8) ————

Four phases of combustion in Cl engine

1. Ignition delay period.

2. Period of rapid or uncontrolled combustion.
3. Period of controlled combustion.

4. After burning
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isothermal horse power

Compressor efficiency = ——
P Y™ indicated horse power

isothermal horse power

Isothermal efficiency = Jerp 0o power

The 'adiabatic efficiency' of an air compressor is the ratio of the horse power required to drive the
compressor compared with the area of the hypothetical indicator diagram assuming adiabatic
compression.

v-1
N

B e
or Adiabatic efficiency M, ... — v-1 P 4500
B.H.P. required to drive the compressor

Mechanical efficiency. In general, the mechanical efficiency is the ratio of the mechanical output to
the mechanical input. For an air compressor,

_ LH.P. of compressor

Mechanical efficiency, N,... = Shaft horse power

First-Generation and Second-Generation Ethanol

The government has augmented procurement of ethanol produced from other sources besides molasses,
which is known as first-generation ethanol (1G). First-generation ethanol is produced from crops
directly from the fields, such as cereals, maize, sugar beet, sugarcane, rapeseed, etc.

Ethanol can be extracted from materials other than molasses such as rice straw, wheat straw, corn
stover, corn cobs, bamboo, and woody biomass, which is known as second-generation ethanol sources
or 2G. Thus, second-generation biofuels are produced from residual and waste products.

In the compressor where the flow is against the pressure gradient, the incidence loss due to incorrect
fluid angles relative to the blades becomes more important and pressure ratio falls sharply at conditions
away from the design point. This loss, added to the friction loss, which will increase with increase of
mass flow rate, gives a pressure ratio-mass flow rate relation as shown in Fig.

-
L

Pressure Ratio, 7>
" i

Choking

Mass Flow rate, in—»

* At point N, the compressor is choked and is passing the maximum mass flow rate.

* On the section MN of the curve the flow is stable. A fall in mass flow rate will result in a rise in
pressure ratio which will tend to restore the fall.

* On the section LM of the curve, the flow is not stable. A fall in mass flow rate will be accompanied
by a fall in pressure ratio. In this situation any small disturbance causing a cheek in mass flow
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will cause a fall in pressure ratio and the flow may reverse at some point. When the temporary
disturbance is removed, the flow will pick up and it is found that small disturbances cause the
flow to oscillate rapidly. The oscillations are noisy and can, if allowed to continue, cause structural
damage in the compressor. It is called 'surge' and the point M on the curve marks the limit of

useful operation of the compressor.

Comparison between axial flow and centrifugal compressors:

S.No. Particulars

Axial flow compressors

Centrifugal compressors

Pressure ratio per 1.2:1 (For high pressure 4:1
stage ratio more number of
stages are required.)
Isentropic 85 to 88% (with modem 70%
efficiency aerofoil blades)
Flexibility of Less More (due to adjustable pre- whirl
operation and diffuser vanes)

Frontal area

Less (main cause in
adopting the axial flow
compressors for aircraft)

More

Effect of deposit
formation on

impeller rotor

Performance affected

Performance not affected

Starting torque High Low comparatively
Suitability Used universally with Suitable for super- charging I.C.
large gas turbines engines and compressors for
refrigerants and industrial gases
Efficiency vsspeed | Less flat (Fig. 24.51) More flat comparatively (Fig.24.51)
curve

Air Rate: Mass of air supplied per second and in gas turbine cycle for combustion of fuel is called as
air rate.

Specific Power: Specific power is defined as power output per unit mass of air supplied/sec.

Work Ratio: In gas turbine cycle work is produced in turbine at the same time work is also consumed
in compressor. So network output is given as

Wnet = WT - Wc
Work ratio is ratio of network to turbine work
_ Wnet
WR — W

T

Air rate in significant is deciding the size of the compressor and specific power decides the efficiency
of the combustion process. Also it tells complete combustion is taking place or not work ratio is
significant in deciding the ratio between compressor work and turbine work and hence efficiency of
the cycle.
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Sol. 1\?0 Centrifugal compressor Axial flow compressor

1 The flow of air is perpendicular tothe axis | The flow of air is parallel to the axis of the
of the compressor. COmpressor.

2 It has low manufacturing and running Ithas high manufacturing and running cost.
cost.

3 It requires low starting torque. Itrequires high starting torque.

4 It requires large frontal area for a given Itrequires less frontal area for a given rate of
rate of flow. flow and it makes the compressor suitable

for aircrafts.

5 Lighter. Heavier for the same pressure rise.

6 Efficiency is less (70%). Hence consumes Efficiency (85 to 88%) is more. Hence
more power. preferred in industrial plants.

7 It runs at higher speeds (30,000 rpm) Pressure ratio delivering up to 100,000 kg of
giving smaller pressure ratio. Supplies air/hour atspeeds up to 20,000 rpm.
large amount of air.

8 Normal pressure ratio per stage, 4: 1. Normal pressure ratio per stage, 1.2 : 1.

9 Separation does not occur due to Separation and stalling can occur. It can be
centrifugal head avoided by using aerofoil blading.

10 Wide mass flow range is possible with Only less mass flow range is possible.
adjustable pre-whirl & diffuser vanes.

11 Any deposit formation on the impeller Any deposit on the vane affects
does not affect performance. performance.

107.

Sol.  An axial-flow compressor consists of an alternating sequence of fixed and movable sets of blades.
The sets of fixed blades are spaced around the inside periphery of an outer stationary casing, and
together constitutes stator. The sets of movable blades are fixed to a spindle and the combination
constitutes the rotor.

For the same overall weight, the centrifugal stresses are lower in the disc type rotor than the drum

type rotor.
77
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Inlet guide vanes
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The basic principle of operation of the axial-flow compressor is the kinetic energy is imparted to the
air by means of the rotating blades, which is then converted into a pressure rise.

The air enters axially from the left into the inlet guide vanes where it is turned through a certain
angle to impinge on the first row of rotating blades with the proper angle of attack. The rotating
vanes add kinetic energy to the air. Here slight pressure rise also takes place. The air then is discharged
at the proper angle to the first row of stator blades where the pressure is further increased by
diffusion.

The air is then directed to the second row of moving blades and the process is repeated through the
remaining stages of the compressor.

108.

Sol. Given,
m = 10 kg/s,
P: 55
P, '
P: 94
P, '
P, = 1013 kPa,
T,= 293K,
T,-T,= 60°C and

0.9

c

For isentropic compression

1

T, P2 203 25

04714

TZS
1
or T,, = 380.68 k
T, T, 0.9 380.68 293 0.9
T, T T, 293
T,=390.43 K

T,=(390.43 - 60) = 330.43 K
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