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Define carburetion?

The process of formation of a combustible fuel-air mixture by
mixing the proper amount of fuel with air before admission to
engine cylinder is called carburetion.

1

Remember

What is the principle of carburetor?

The principle of a carburetor is based on creating a proper air-fuel
mixture for combustion in an

internal combustion engine. It operates using the principles of fluid
dynamics, particularly the

Venturi effect, to mix air and fuel in the correct proportions.

Remember

Define abnormal combustion and its consequences?

Abnormal combustion reveals itself in many ways. The two major
abnormal combustion processes which are important in practice are
knock and surface-ignition.

Remember

Write the desirable qualities for SI engine fuel?

High Volatility,High Octane Number,Good Antiknock Quality ,Low
Sulfur Content

Remember

Explain the type of vibration produced when auto ignition occurs.
High Frequency: The vibrations produced by engine knocking are
typically high-frequency vibrations. The sudden and uncontrolled
combustion causes sharp pressure spikes within the cylinder.

Intensity: These vibrations can be quite intense and produce a
distinct "pinging" or "knocking" sound. The noise is a result of the
shock waves created by the rapid and uneven combustion process.

Understand

What are the factors to be considered to obtain high thermal
efficiency?

Higher Compression Ratio: Increasing the compression ratio of the
engine generally improves thermal efficiency. This is because higher

Remember




compression ratios allow for more complete combustion of the fuel,
extracting more energy from it.

Complete Combustion: Ensuring complete combustion of the
air-fuel mixture maximizes the energy extracted from the fuel. This
can be achieved through optimal air-fuel ratios, proper mixing, and
efficient ignition systems.

What is a heterogeneous air-fuel mixture? In which engine is it
used?

A heterogeneous air-fuel mixture is a type of mixture in which the
fuel and air are not evenly or uniformly mixed before entering the
combustion chamber. This results in regions within the mixture that
have varying air-to-fuel ratios, ranging from lean (more air, less
fuel) to rich (more fuel, less air).

Diesel Engines, Gasoline Direct Injection (GDI) Engines.

Remember

What are the different type’s air—fuel mixtures?

The stoichiometric mixture is the ideal air-fuel ratio where all the
fuel is completely burned using all the oxygen in the air.

Homogeneous Mixture, Heterogeneous Mixture, Stratified Mixture

Understand

What are the factors effecting carburetion?

Air-Fuel Ratio, Temperature, Altitude, Engine Load,fuel type and
fuel quality.

Remember

10

What is the Function of carburetor?

The process of formation of a combustible fuel-air mixture by
mixing the proper amount of fuel with air before admission to
engine cylinder is called carburetion and the device which does this
job is called a carburetor.

Remember

11

What are the general types of carburetors?
Constant Choke Carburetor ,Constant Vacuum Carburetor,Multiple
VenturiCarburetor

Remember

12

What are the advantages of fuel-injection in an SI engine?

Improved Fuel Efficiency, Enhanced Performance, Reduced
Emissions, Improved Cold Start Performance, Consistency and
Reliability.

Remember

13

Explain fuel supply systems.

The following are the types of systems that have been used for the

Remember




supply of fuel from thefuel tank to the engine cylinder.
Gravity system

Pressure system

Pump system

Fuel Injection System

14| Define Electronic injection system. 1| Remember
An electronic fuel injection (EFI) system is an advanced fuel delivery
system used in internal combustion engines to ensure precise control
of the air-fuel mixture. This system uses electronic controls and
sensors to optimize fuel delivery for improved engine performance,
fuel efficiency, and emissions control.
15 | Define Combustion in CI engines. 1 Remember
Combustion in compression ignition (CI) engines, also known as
diesel engines, refers to the process where the air-fuel mixture is
ignited by the high temperature achieved through compression of the
air in the combustion chamber. This contrasts with spark ignition
(SI) engines, where a spark plug ignites the air-fuel mixture.
Part B (16 marks)
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Explain the factors that affect the process of carburetion &
Types of Carburetors.

Factors Affecting the Process of Carburetion

1. Air-Fuel Ratio: The efficiency of carburetion depends on the
correct air-fuel mixture. Too rich (excess fuel) or too lean
(excess air) mixtures can lead to poor engine performance
and emissions issues.

2. Engine Speed: At different engine speeds, the air-fuel
mixture needs to be adjusted. Carburetors usually have
different circuits (idle, mid-range, and high-speed) to cater to
varying speeds.

3. Altitude: Higher altitudes have lower air density, which
affects the air-fuel mixture. Carburetors need to be adjusted
or designed to compensate for changes in atmospheric
pressure.




4. Temperature: Cold temperatures can affect fuel vaporization,
making the mixture richer. Carburetors often have heating
mechanisms to address this issue.

5. Throttle Position: The position of the throttle affects how
much air-fuel mixture is delivered to the engine. Carburetors
adjust the mixture based on throttle position.

6. Engine Load: Varying engine loads require adjustments in
the air-fuel ratio to maintain performance and efficiency.

Types of Carburetors

1. Simple Carburetor:
o Function: Basic design, often used in older or less
complex engines.
o Diagram: Typically includes a float chamber, venturi,
throttle valve, and jet for fuel delivery.
o Advantages: Simple design, low cost, easy
maintenance.
o Disadvantages: Less efficient fuel atomization, poor
performance at varying loads and speeds.
2. Diaphragm Carburetor:
o Function: Uses a diaphragm to regulate fuel flow,
often found in small engines like those in

lawnmowers.

o Advantages: Good for varying loads, relatively
simple.

o Disadvantages: Limited application in modern
vehicles.

3. Variable Venturi Carburetor:
o Function: Adjusts the venturi size to maintain optimal
air-fuel ratio across different engine speeds.
o Advantages: Better fuel efficiency and performance.
o Disadvantages: More complex, higher cost.
4. Electronic Carburetor:
o Function: Uses electronic sensors to control the
air-fuel mixture.
o Advantages: Precision control, better fuel efficiency.
o Disadvantages: Higher cost, complex design.

Explain various classifications of an I.C. Engines.
Classifications of Internal Combustion Engines (I.C. Engines)

Fig 1.9 Ideal p-V diagram of a two-stroke SI engine
I.C. Engines may be classified according to,

a) Type of the fuel used as :

Remember




(1) Petrol engine (2) Diesel engine
(3) Gas engine (4) Bi-fuel engine (Two fuel engine)
b) Nature of thermodynamic cycle as :

(1) Otto cycle engine (2) Diesel cycle engine
(3) Duel or mixed cycle engine
¢) Number of strokes per cycle as :

(1) Four stroke engine (2) Two stroke engine
d) Method of ignition as :

(1) Spark ignition engine (S.I. engine)

Mixture of air and fuel is ignited by electric spark.

(2) Compression ignition engine (C.1. engine)

The fuel is ignited as it comes in contact with hot compressed air.
e) Method of cooling as :

(1) Air cooled engine (2) Water cooled engine
f) Speed of the engine as :

(1) Low speed (2) Medium speed

(3) High speed

Petrol engine are high speed engines and diesel engines are low to
medium speed engines

g) Number of cylinder as :

(1) Single cylinder engine (2) Multi cylinder engine
h) Position of the cylinder as :

(1) Inline engines (2) V — engines

(3) Radial engines (4) Opposed cylinder engine
(5) X — Type engine (6) H — Type Engine

(7)U — Type Engine (8) Opposed piston engine
(9) Delta Type Engine




%

e

In-line U-cylinder V-type
X-type Radial H-type
Opposed cylinder Opposed piston
%
Delta type

Brief explain about Injection systems with neat sketch.

Air Injection System

Fuel is forced into the cylinder by means of compressed air.

It has good mixing of fuel with the air with resultant higher mean
effective pressure

It has the ability to utilize high viscosity (less expensive) fuels
Solid Injection System

In this system the liquid fuel is injected directly into the combustion
chamber without the aid of

compressed air.

Solid injection systems can be classified into four types.
Individual pump and nozzle system

Unit injector system

Common rail system

Distributor system

Understand




Fuel Injectors from fuel injectors

Main fine filters

Fuel injection
pump driveshaft

Lift or transfer

pump Prdliminary
sedimenter filter

Fuel filters: to prevent dust and abrasive particles from entering the
pump and injectors thereby

minimizing the wear and tear of the components

Fuel feed pump: to supply fuel from the main fuel tank to the
injection system.

Injection pump: to meter and pressurize the fuel for injection,
Governor: to ensure that the amount of fuel injected is in accordance
with variation in load,

Injector: to take the fuel from the pump and distribute it in the
combustion chamber by atomizing it into fine droplets

Explain briefly about Combustion in CI engines with neat sketch.
Combustion in CI engines

Only air is compressed through a high compression ratio (14:1 to
24:1) raising its

temperature and pressure to a high value.Fuel is injected into the
cylinders late in compression stroke through one or more injectors
into highly compressed air in the combustion chamber.

Injection time is usually about 20° of crankshaft rotation, starting at
about 15° bTDC and

ending about 5° aTDC.

Combustion in a CI engine is an unsteady process occurring
simultaneously at many

spots in a very non-homogeneous mixture at a rate controlled by fuel
injection.

In addition to the swirl and turbulence of the air, a high injection
velocity is needed to

spread the fuel throughout the cylinder and cause it to mix with the
air.

After injection the fuel must go through a series of events to assure
the proper combustion

process:

I.Atomization. Fuel drops break into very small droplets, the smaller
the original drop size

Remember




emitted by the injector, the quicker and more efficient will be this
atomization process.

I1.Vaporization. The small droplets of liquid fuel evaporate to vapor.
This occurs very quickly

due to the hot air temperatures created by the high compression of
CI engines. High air

temperature needed for this vaporization process requires a
minimum compression ratio in CI

engines of about 12:1. About 90% of the fuel injected into the
cylinder can be vaporized within

0.001 second after injection.

[II.Mixing. After vaporization, the fuel vapor must mix with air to
form a mixture within the AF

range which is combustible. This mixing is formed because of the
high fuel injection velocity

added to the swirl and turbulence in the cylinder air. Combustion can
occur within the

equivalence ratio limits of= 1.8 (rich) and = 0.8 (lean). The
non-homogeneous distribution of

air-fuel ratio that develops around the injected fuel jet.
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Explain with neat sketch about simple carburetor. State its
advantages and disadvantages.

Carburetors are highly complex. Let us first understand the working
principle of a simple or

elementary carburetor that provides an air fuel mixture for cruising
or normal range at a single

speed. Later, other mechanisms to provide for the various special
requirements like starting,

Remember




idling, variable load and speed operation and acceleration will be
included. Figure shows the

details of a simple carburetor. The simple carburetor mainly consists
of a float chamber, fuel

discharge nozzle and a metering orifice, a venturi, a throttle valve
and a choke. The float and a

needle valve system maintain a constant level of gasoline in the float
chamber. If the amount of

fuel in the float chamber falls below the designed level, the float
goes down, thereby opening the

fuel supply valve and admitting fuel. When the designed level has
been reached, the float closes

the fuel supply valve thus stopping additional fuel flow from the
supply system. Float chamber is

vented either to the atmosphere or to the” upstream side of the
venturi.During suction stroke air

is drawn through the venturi.

Aar

-+

R SN P

A | o
Tdhege a0 blecd
Choke valve ——-% /’ Idling sir restriction

Yent o awmosphere
Fael diachanpe - P

ok

SiranT

Float chamber

Fecl meonng onfane

Thrali ke walwe e Idlmp ayustoeni

Aar=fuc] mustee




As already described, venturi is a tube of decreasing cross-section
with a minimum area at the

throat, Venturi tube is also known as the choke tube and is so shaped
that it offers minimum

resistance to the air flow. As the air passes through the venturi the
velocity increases reaching a

maximum at the venturi throat. Correspondingly, the pressure
decreases reaching a minimum.

From the float chamber, the fuel is fed to a discharge jet, the tip of
which is located in the throat

of the venturi. Because of the differential pressure between the float
chamber and the throat of

the venturi, known as carburetor depression, fuel is discharged into
the air stream. The fuel

discharge is affected by the size of the discharge jet and it is chosen
to give the required air-fuel

ratio. The pressure at the throat at the fully open throttle condition
lies between 4 to 5 cm of Hg,

below atmospheric and seldom exceeds8 cm Hg below atmospheric.
To avoid overflow of fuel

through the jet, the level of the liquid in the float chamber is
maintained at a level slightly below

the tip of the discharge jet. This is called the tip of the nozzle. The
difference in the height between the top of the nozzle and the float
chamber level is marked h in Fig

Explain about the various parts of an I.C. Engine with neat sketch.
Cylinder block

— The cylinder block is the main supporting structure for the various
components. The cylinder of a multicylinder engine are cast as a
single unit, called cylinder block. The cylinder head is mounted on
the cylinder block. The cylinder head and cylinder block are
provided with water jackets in the case of water cooling or with
cooling fins in the case of air cooling.

b) Cylinder
— As the name implies it is a cylindrical vessel or space in which the

piston makes a reciprocating motion. The varying volume created in
the cylinder during the operation of the engine is filled with the

Remember




working fluid and subjected to different thermodynamic processes.
The cylinder is supported in the cylinder block.

¢) Piston

— It is a cylindrical component fitted into the cylinder forming the
moving boundary of the combustion system. It fits perfectly (snugly)
into the cylinder providing a gas-tight space with the piston rings
and the lubricant. It forms the first link in transmitting the gas forces
to the output shaft.

d) Combustion chamber

— The space enclosed in the upper part of the cylinder, by the
cylinder head and the piston top during the combustion process, is
called the combustion chamber. The combustion of fuel and the
consequent release of thermal energy results in the building up of
pressure in this part of the cylinder.

¢) Inlet manifold

— The pipe which connects the intake system to the inlet valve of the
engine and through which air or air-fuel mixture is drawn into the
cylinder is called the inlet manifold.

f) Exhaust manifold

— The pipe which connects the exhaust system to the exhaust valve
of the engine and through which the products of combustion escape
into the atmosphere is called the exhaust manifold.

g) Inlet and Exhaust valves

— Valves are commonly mushroom shaped poppet type. They are
provided either on the cylinder head or on the side of the cylinder
for regulating the charge coming into the cylinder (inlet valve) and
for discharging the products of combustion (exhaust valve) from the
cylinder.

h) Spark Plug

— It is a component to initiate the combustion process in Spark-
Ignition (SI) engines and is usually located on the cylinder head.

i) Connecting Rod

— It interconnects the piston and the crankshaft and transmits the gas
forces from the piston to the crankshaft. The two ends of the
connecting rod are called as small end and the big end (Fig.1.3).

Small end is connected to the piston by gudgeon pin and the big end
is connected to the crankshaft by crankpin.

j) Crankshaft

— It converts the reciprocating motion of the piston into useful rotary
motion of the output shaft.

Piston rings




— Piston rings, fitted into the slots around the piston, provide a tight
seal between the piston and the cylinder wall thus preventing
leakage of combustion gases.

1) Gudgeon pin

— It links the small end of the connecting rod and the piston.

m) Camshaft

— The camshaft (not shown in the figure) and its associated parts
control the opening

Inlet Valve (IV) Spark Plug  Exhaust Valve (EV)
Inlet Manifold \ / Exhaust Manifold

I”~— _ Products
A

- Cylinder
{H— Piston

Wy~ Gudgeon Pin

Connecting Rod

. Crankshaft
CrankPin ‘.‘ Crankcase
Crank Sump

Explain briefly about Electronic injection system & what are the
advantages and disadvantages of it?

Understand
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Electronic Control Unit

Control unit regulates the correct amount of fuel to be injected,
depending on engine speed,

intake pressure and engine temperature. When ignition is switched
on, control unit receives its

operating voltage directly from battery, via voltage supply relay. It
also controls the fuel pump,

which normally is provided with current from pump relay, only with
engine running. A time

switch, in control unit, allows fuel pump to run approximately 1 to
1.5 seconds after ignition is

turned on. The control unit is connected to all sender units by a
special wiring harness, coupled

to a multiple plug. The control unit is usually located inside vehicle
under the dash, under one of

the seats or in the trunk.

Pressure Sensor

The pressure sensor is located in the engine compartment and is
connected to the intake manifold

by a vacuum hose. This sensor controls the basic amount of fuel to
be injected, depending on

pressure in the intake manifold and load on the engine




Air Intake Temperature Sensor

The air temperature sensor provides control unit with information
about air temperature, so that

control unit can increase the injection quantity as necessary at low
intake air temperature. This

compensation ceases when intake air temperature is greater than 68F
(200C).

Engine Temperature Sensor

The engine temperature sensor provides the control unit with
information about coolant

temperature (cylinder head temperature on VW). This enables
control unit to adapt injection

interval and determine how long the cold start injector should
remain open during cold starting.

Triggering Contacts

The triggering contacts are located in the distributor. They provide
signals which determine

when and to which cylinder fuel is to be injected. The contacts also
supply information

concerning engine speed to determine the amount of fuel that needs
to be injected into the

engine.

Throttle Valve Switch

The throttle valve switch is mounted on the throttle housing. This
switch signals the control unit

of throttle position. During deceleration, above 1500 RPM, throttle
switch cuts fuel supply off

and below 900 RPM, fuel supply is turned on.

Auxiliary Air Valve

During cold starts, the auxiliary air valve opens to allow additional
air into the inlet duct. As

engine heats up, a bi-metallic element expands and closes valve. At
approximately 140F (800C)

the auxiliary air pipe is completely closed by the valve.

Explain about Electronic Fuel injection with diagram.

Electronic Fuel Injection (EFI) is a sophisticated system used in
internal combustion engines to control the delivery of fuel. It
replaces traditional mechanical fuel injection systems with
electronic controls to optimize fuel delivery for better performance,
efficiency, and emissions. Here’s a comprehensive overview of EFI:

Remember
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Key Components of EFI

1. Engine Control Unit (ECU):

o Function: The ECU is the brain of the EFI system. It
receives input from various sensors, processes the
data, and sends commands to the fuel injectors to
control fuel delivery.

o Components: Includes a microprocessor, memory,
and software for controlling engine functions.

2. Fuel Injectors:

o Function: Injectors atomize and deliver the precise
amount of fuel into the intake manifold or directly
into the combustion chamber.

o Types:

= Port Fuel Injectors: Located in the intake
manifold, delivering fuel to the air-fuel
mixture before entering the combustion
chamber.
= Direct Injectors: Deliver fuel directly into
the combustion chamber under high pressure.
3. Sensors:

o Mass Air Flow (MAF) Sensor: Measures the
amount of air entering the engine.

o Oxygen (0O2) Sensors: Monitor the level of oxygen
in the exhaust gases to optimize fuel-air ratio.

o Throttle Position Sensor (TPS): Measures the
position of the throttle to adjust fuel delivery based
on throttle opening.




o Coolant Temperature Sensor: Measures the engine
temperature to adjust fuel delivery based on operating
conditions.

4. Fuel Pump:

o Function: Pumps fuel from the tank to the fuel

injectors under high pressure.
5. Fuel Pressure Regulator:

o Function: Maintains a consistent fuel pressure in the

system to ensure proper fuel delivery.

How EFI Works

1. Data Collection:

o Sensors collect data about engine parameters such as
air flow, temperature, throttle position, and exhaust
gases.

2. Data Processing:

o The ECU processes the data from sensors to
determine the optimal amount of fuel needed for the
current operating conditions.

3. Fuel Delivery:

o The ECU sends signals to the fuel injectors, which
atomize and inject the precise amount of fuel into the
intake manifold or combustion chamber.

4. Feedback and Adjustment:

o The ECU continuously monitors engine performance
and adjusts the fuel delivery in real-time to maintain
optimal performance, fuel efficiency, and emissions.

Types of EFI Systems

1. Single-Point Fuel Injection (SPFI):
o Description: A single injector is used to deliver fuel
to all cylinders through a central port.
o Applications: Used in older or less complex engines.
2. Multi-Point Fuel Injection (MPFI):
o Description: Each cylinder has its own injector,
delivering fuel directly to the intake manifold.
o Applications: Common in modern gasoline engines
for better performance and efficiency.
3. Direct Fuel Injection (DFI):
o Description: Fuel is injected directly into the
combustion chamber under high pressure.




o Applications: Used in high-performance and modern
engines to improve combustion efficiency and reduce
emissions.

UNIT 2: COMBUSTION IN SI AND CI ENGINES

Introduction - Ignition - Stages of combustion-Normal and abnormal combustion- Factors

affecting knock -Combustion chambers- Fuel spray behaviour — spray structure, spray

penetration-and evaporation — air motion-stages of combustion-Factors affecting combustion-
Direct and indirect injection systems —Combustion chambers.

Part A (2 marks)
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1 | What is ignition delay period? 1 Remember
Ignition Delay Period

The ignition delay period in an internal combustion engine refers to
the time interval between the start of fuel injection into the
combustion chamber and the onset of combustion. This period is
critical as it affects engine performance, fuel efficiency, and
emissions.

2 | Define Ignition Limits. 1 Remember
Ignition Limits

Ignition limits are the boundaries of fuel-air mixture compositions
within which the mixture can ignite and sustain combustion. These
limits are defined by the lean limit (minimum fuel concentration)
and the rich limit (maximum fuel concentration).

3 | Write the classification of combustion chamber in C.I engine? 1 Remember
Classification of Combustion Chamber in C.I Engine

Combustion chambers in compression ignition (C.I.) engines can be
classified into:

1. Direct Injection (DI) Combustion Chambers:
o Open Combustion Chamber
o __Toroidal or Bowl-in-Piston Chamber




2. Indirect Injection (IDI) Combustion Chambers:
o Swirl Chamber

0 Pre-Combustion Chamber
o Air-Cell Chamber

What is the effect of detonation? Understand
Effect of Detonation
Detonation, or knocking, in an engine can cause several detrimental
effects, including:
e Increased engine wear and tear
e Higher combustion temperatures and pressures
e Potential damage to pistons, cylinder walls, and head gaskets
e Decreased efficiency and power output
e Increased emissions
Explain Swirl Ratio. Remember
Swirl Ratio
Swirl ratio is the measure of the rotational motion of air or the
air-fuel mixture within the combustion chamber relative to the
crankshaft speed. It is a dimensionless number indicating the
intensity of the swirl, which helps in better mixing of air and fuel,
leading to efficient combustion.
Define Turbulance. Remember
Turbulence
Turbulence in an engine refers to the chaotic and irregular flow of
the air-fuel mixture within the combustion chamber. It enhances the
mixing of air and fuel, increases the rate of combustion, and
improves overall engine performance.
Define abnormal Combustion. Remember

Abnormal Combustion




Abnormal combustion refers to any deviation from the ideal
combustion process, which can include knocking, pre-ignition, and
incomplete combustion. These abnormalities can lead to reduced
engine performance, increased emissions, and potential engine
damage.

What are the types of combustion chamber?
Types of Combustion Chamber
Combustion chambers can be classified into two main types:

1. Direct Injection (DI) Combustion Chambers
2. Indirect Injection (IDI) Combustion Chambers

Understand

Define Factors affecting knock.
Factors Affecting Knock
Several factors affect knock in engines:

Compression ratio
Engine temperature
Air-fuel mixture
Engine speed
Engine load

Fuel octane rating

Combustion chamber design

Remember

10

List out the stages of combustion.
Stages of Combustion

The stages of combustion in a spark-ignition engine typically
include:

Ignition Delay Period
Rapid Combustion
Controlled Combustion
Afterburning

i e

Remember

11

List the advantages of indirect injection systems.

Understand




Advantages of Indirect Injection Systems

Better fuel atomization

Smoother and quieter operation

Lower peak pressure in the combustion chamber
Easier starting, especially in cold conditions
Improved fuel-air mixing

12

What is indirect injection type of combustion?
Indirect Injection Type of Combustion

In an indirect injection (IDI) system, fuel is injected into a

pre-combustion chamber where it mixes with air and partially
combusts before entering the main combustion chamber. This
process helps in better mixing and more efficient combustion.

Remember

13

Define Normal combustion. Normal Combustion
Normal combustion is the controlled and predictable burning of the
air-fuel mixture in an engine’s combustion chamber, leading to

smooth and efficient engine operation.

e Turbulence and swirl

Remember

14

What are the Factors affecting combustion?
Factors Affecting Combustion

Air-fuel ratio

Ignition timing

Combustion chamber design
Engine speed and load

Fuel properties

Remember

15

What are the advantages and disadvantages of combustion chamber?

Advantages and Disadvantages of Combustion Chambers

Remember




Advantages:

Efficient fuel combustion
Improved engine performance
Reduced emissions

Enhanced fuel economy

Disadvantages:

Complexity in design

Potential for abnormal combustion
Maintenance requirements

Higher manufacturing costs in some designs

Part B (16 marks)
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Bring out clearly the process of combustion in CI engines and also
explain the various stages of combustion.

Combustion Process in CI (Compression Ignition)
Engines

In a Compression Ignition (CI) engine, commonly known as a diesel
engine, combustion occurs through the process of compressing the
air-fuel mixture to such high temperatures and pressures that the fuel
ignites spontaneously. This process differs significantly from Spark
Ignition (SI) engines, where combustion is initiated by a spark plug.

Steps in the Combustion Process

1. Intake Stroke:
o Process: Fresh air is drawn into the cylinder through the
intake valve.
o Purpose: To fill the cylinder with air that will be
compressed and mixed with fuel.
2. Compression Stroke:
o Process: The intake valve closes, and the piston moves
upward, compressing the air in the cylinder.
o Purpose: The compression raises the temperature and
pressure of the air to prepare it for fuel injection.
3. Fuel Injection:
o Process: At the end of the compression stroke, fuel is
injected into the high-temperature, high-pressure air in
the cylinder.

Understand




o Purpose: The injected fuel atomizes into tiny droplets,

which mix with the compressed air.
4. Combustion:

o Process: The fuel spontaneously ignites due to the high
temperature and pressure of the compressed air.

o Purpose: The rapid combustion generates a high-pressure
and high-temperature gas, which forces the piston
downward.

5. Power Stroke:

o Process: The high-pressure gas pushes the piston
downward, converting the thermal energy into
mechanical work.

o Purpose: This is the stroke where the engine performs
work, generating power.

6. Exhaust Stroke:

o Process: The exhaust valve opens, and the piston moves
upward, expelling the spent gases from the cylinder.

o Purpose: To clear the cylinder of exhaust gases and
prepare for the next intake stroke.

Stages of Combustion in CI Engines

1. Ignition Delay Period:

o Definition: The time interval between the start of fuel
injection and the start of combustion.

o Characteristics: During this period, the injected fuel
undergoes atomization and mixing with the compressed
air. The delay depends on fuel properties, temperature,
and pressure.

2. Premixed Combustion:

o Definition: Combustion of the fuel that has mixed with
the air before reaching the end of the ignition delay
period.

o Characteristics: Occurs when the fuel-air mixture reaches
a critical temperature and pressure, causing it to ignite
and burn rapidly. This phase is characterized by a rapid
rise in pressure and temperature.

3. Diffusion Combustion:

o Definition: The combustion of the fuel that occurs after
the initial premixed combustion phase, as the remaining
fuel continues to mix with the hot air.

o Characteristics: Fuel continues to burn as it diffuses into
the high-temperature, high-pressure air, leading to a more
sustained combustion phase. This phase is marked by a
slower and more controlled release of energy.

4. Combustion Duration:




o Definition: The total time during which combustion
occurs in the cylinder.

o Characteristics: Includes both the premixed and diffusion
combustion phases. The duration affects the engine's
performance, efficiency, and emissions.

5. End of Combustion:

o Definition: The point at which the combustion process is
complete, and the majority of the fuel has been burned.

o Characteristics: Typically coincides with the end of the
power stroke. After this point, the pressure in the cylinder
starts to decrease as the piston moves down.

Explain the various processes involved in Otto cycle with P-V & T-S
diagrams.

The Otto cycle is the thermodynamic cycle that describes the
functioning of a Spark Ignition (SI) engine. It consists of two
adiabatic (isentropic) processes and two isochoric (constant volume)
processes. The cycle is composed of four main processes: intake,
compression, power, and exhaust. Let’s break down each process
and provide P-V (Pressure-Volume) and T-S (Temperature-Entropy)
diagrams for clarity.

Processes in the Otto Cycle

1. Intake Stroke (Process 1-2)

o Description: The intake valve opens, and the piston
moves down, drawing in a mixture of air and fuel.

o P-V Diagram: The volume increases while the
pressure remains nearly constant.

o T-S Diagram: The temperature and entropy increase
as the air-fuel mixture is drawn into the cylinder.

2. Compression Stroke (Process 2-3)

o Description: The intake valve closes, and the piston
moves up, compressing the air-fuel mixture to a high
pressure and temperature.

o P-V Diagram: The volume decreases, and the
pressure increases significantly.

o T-S Diagram: The temperature increases while the
entropy remains nearly constant, as the process is
adiabatic.

3. Power Stroke (Process 3-4)

Understand




o Description: The spark plug ignites the compressed
air-fuel mixture, causing a rapid increase in pressure
and temperature. The piston is pushed down due to
the combustion.

o P-V Diagram: The volume increases while the
pressure drops after the peak.

o T-S Diagram: The temperature increases sharply
while the entropy also increases, reflecting the heat
added to the system.

4. Exhaust Stroke (Process 4-1)

o Description: The exhaust valve opens, and the piston
moves up, expelling the spent gases from the
cylinder.

o P-V Diagram: The volume decreases while the
pressure remains nearly constant.

o T-S Diagram: The temperature decreases as the spent
gases are expelled, and entropy remains nearly
constant.

P-V Diagram of the Otto Cycle

e Process 1-2: Isobaric (constant pressure) intake, leading to
an increase in volume.

e Process 2-3: Adiabatic compression, leading to a decrease in
volume and an increase in pressure.

e Process 3-4: Isentropic (constant entropy) expansion due to
combustion, leading to an increase in volume and a decrease
in pressure.

e Process 4-1: [sobaric exhaust, leading to a decrease in
volume.

P-V Diagram:
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P-V and T-5 Diagram of Otto Cycle

Region 1-2: Intake

e Region 2-3: Compression
e Region 3-4: Power Stroke
e Region 4-1: Exhaust

T-S Diagram of the Otto Cycle

e Process 1-2: Isochoric (constant volume) heating, with an
increase in temperature and entropy.

e Process 2-3: Adiabatic compression, increasing temperature
with nearly constant entropy.

e Process 3-4: [sochoric heating due to combustion, increasing
temperature and entropy.

e Process 4-1: Adiabatic expansion, reducing temperature and
entropy.

T-S Diagram:

Region 1-2: Intake
Region 2-3: Compression
Region 3-4: Power Stroke
Region 4-1: Exhaust

Discuss about the working of a 4 stroke petrol engine with neat
sketch?

A 4-stroke petrol engine, also known as a 4-stroke spark ignition
(SI) engine, operates through a four-stage cycle to convert fuel into
mechanical energy. Each stroke corresponds to one of the four main
processes in the engine's cycle: intake, compression, power, and

Remember




exhaust. Here's a detailed explanation of each stage, along with the
overall working of the engine.

Inlet valve

Petrol-air
mixture

Cylinder -

Piston —

Connecting
rod

Crank ———

Crank Shaft —~._!

Suction Compression Power Exhaust
stroke stroke stroke stroke

Working of a 4-Stroke Petrol Engine
1. Intake Stroke

e Description:
o The intake valve opens while the exhaust valve remains
closed.
o The piston moves down the cylinder from the top dead
center (TDC) to the bottom dead center (BDC).
e Process:
o As the piston moves down, the volume of the cylinder
increases, creating a vacuum.
o This vacuum draws in a mixture of air and fuel from the
intake manifold into the cylinder.
e Objective:
o Tofill the cylinder with the air-fuel mixture necessary for
combustion.

2. Compression Stroke

e Description:
o Both the intake and exhaust valves are closed.
o The piston moves up from the BDC to the TDC.
o Process:
o As the piston moves up, it compresses the air-fuel
mixture.




o The compression raises the pressure and temperature of
the mixture, making it more combustible.
e Objective:
o To prepare the air-fuel mixture for efficient combustion by
increasing its temperature and pressure.

3. Power Stroke (Combustion Stroke)

e Description:
o Both the intake and exhaust valves remain closed.
o The piston reaches the TDC, where the spark plug ignites
the compressed air-fuel mixture.
e Process:
o The spark plug produces a spark that ignites the
compressed mixture.
o The combustion of the fuel-air mixture generates a rapid
expansion of gases.
o This expansion creates high pressure that forces the
piston down from TDC to BDC.
e Objective:
o To convert the chemical energy of the fuel into
mechanical energy, producing work.

4. Exhaust Stroke

e Description:
o The exhaust valve opens while the intake valve remains

closed.
o The piston moves up from the BDC to the TDC.
e Process:

o As the piston moves up, it pushes the spent exhaust gases
out of the cylinder through the open exhaust valve.
e Objective:
o Toclear the cylinder of exhaust gases, making room for a
new intake of air-fuel mixture for the next cycle.

Brief explain about the differences between theoretical and actual
Valve timing diagram of [.C.Engines?

The valve timing diagram of an internal combustion engine (IC
engine) represents the timing of the opening and closing of the
intake and exhaust valves throughout the engine cycle. It is essential
for understanding engine performance and efficiency. There are two
types of valve timing diagrams: theoretical and actual. Here’s a brief
explanation of the differences between them:

Remember




Theoretical & Actual Valve Timing Diagram For
4-Stroke Diesel Engine
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Theoretical Valve Timing Diagram

Definition: The theoretical valve timing diagram is an idealized
representation of the valve timings based on the engine’s design and
intended operation. It assumes perfect conditions without
considering real-world factors.

Characteristics:

e Ideal Conditions: Assumes ideal valve timing with no
mechanical losses, friction, or delays.

e Fixed Timings: The timing of valve events (opening and
closing) is set according to theoretical calculations or design
specifications.

e Predictive: Provides a basis for understanding the designed
performance of the engine.

Diagram Example:

e Intake Valve Open: Starts before TDC of the exhaust stroke
and closes after BDC of the intake stroke.

e [Exhaust Valve Open: Starts before BDC of the power stroke
and closes after TDC of the exhaust stroke.

e The diagram is usually symmetrical and assumes constant
engine speed.

Actual Valve Timing Diagram




Definition: The actual valve timing diagram reflects the real-world
operation of the engine, taking into account the practical factors that
affect valve timing, such as mechanical imperfections, wear, and
dynamic behavior.

Characteristics:

e Real Conditions: Includes factors like valve overlap,
mechanical delays, spring characteristics, and engine speed
variations.

e Variable Timings: The timing of valve events may differ
from theoretical values due to practical constraints and
adjustments.

e Empirical Data: Based on real engine tests and
measurements, providing a more accurate representation of
engine performance.

Diagram Example:

e Intake Valve Open: May start slightly later or close slightly
earlier than the theoretical values due to real-world factors.

e Exhaust Valve Open: Similar variations compared to
theoretical timings, with potential overlap and delays.

Explain the working of a 4 stroke diesel engine with neat sketch.

A 4-stroke diesel engine operates on the Diesel cycle, where air is
compressed to high temperatures and pressures, and fuel is injected
to ignite spontaneously. The engine performs work through four
distinct strokes: intake, compression, power, and exhaust. Here’s a
detailed explanation of each stroke, along with a neat sketch.

Working of a 4-Stroke Diesel Engine

1. Intake Stroke

e Description:
o The intake valve opens, and the exhaust valve remains
closed.
o The piston moves from the top dead center (TDC) to the
bottom dead center (BDC).
e Process:
o Asthe piston moves down, fresh air is drawn into the
cylinder due to the decrease in volume.

Remember




e Objective:
o Tofill the cylinder with air that will be compressed and
ignited in the following strokes.

2. Compression Stroke

e Description:
o Both intake and exhaust valves are closed.
o The piston moves up from the BDC to the TDC.
e Process:
o The airis compressed to a very high pressure and
temperature, increasing its density.
o This compression is adiabatic (no heat exchange),
meaning temperature rises significantly.
o Objective:
o To prepare the air for combustion by increasing its
temperature and pressure.

3. Power Stroke (Combustion Stroke)

e Description:
o Both intake and exhaust valves remain closed.
o Atthe end of the compression stroke, fuel is injected into
the high-temperature compressed air.
e Process:
o The fuel atomizes and ignites spontaneously due to the
high temperature.
o Combustion rapidly increases the pressure of the air,
forcing the piston down from TDC to BDC.
e Objective:
o To convert the chemical energy of the fuel into
mechanical energy and produce work.

4, Exhaust Stroke

e Description:
o The exhaust valve opens, and the intake valve remains

closed.
o The piston moves up from the BDC to the TDC.
e Process:

o The piston pushes the spent exhaust gases out of the
cylinder through the open exhaust valve.
o Objective:




o Toclear the cylinder of exhaust gases and prepare for the
next intake stroke.

Neat Sketch of a 4-Stroke Diesel Engine

Here’s a simplified sketch illustrating the four strokes of the engine
cycle:

Four-stroke cycle (Diesel)

Injection Fuel injector
combustion

“

Air

° Intake Compression Power Exhaust

Intake Stroke: The piston moves down (from TDC to BDC),
drawing air into the cylinder. The intake valve is open, and the
exhaust valve is closed.

e Compression Stroke: The piston moves up (from BDC to TDC),
compressing the air. Both valves are closed.

e Power Stroke: At the end of compression, fuel is injected into the
cylinder, causing combustion. The piston is forced down (from
TDC to BDC) by the expanding gases.

e Exhaust Stroke: The piston moves up (from BDC to TDC) to expel
the exhaust gases. The exhaust valve is open, and the intake valve
is closed.

Explain briefly about Direct and indirect injection systems.

In internal combustion engines, fuel injection systems are critical for
delivering the right amount of fuel into the combustion chamber.
There are two primary types of injection systems used: Direct
Injection and Indirect Injection. Here’s a brief explanation of each:
Direct Injection System

Description:

e In a Direct Injection (DI) system, fuel is injected directly into
the combustion chamber.

Remember




e This method allows for precise control of the fuel-air mixture
and combustion process.

Operation:

e Injection Timing: Fuel is injected during the compression
stroke or just before ignition, directly into the compressed air
in the combustion chamber.

e Advantages:

o Improved Efficiency: Better fuel atomization and
mixing with air, leading to more complete
combustion and higher efficiency.

o Increased Power: Enhanced power output due to
more efficient combustion.

o Lower Emissions: Reduced fuel consumption and
emissions, especially CO and HC, due to more
complete combustion.

e Disadvantages:

o Complexity: More complex and expensive system
due to high-pressure fuel pumps and injectors.

o Potential for Carbon Deposits: Increased risk of
carbon buildup on intake valves because the fuel does
not wash over them.

Applications:

e Commonly used in modern gasoline and diesel engines for
better performance and fuel economy.

Indirect Injection System
Description:

e In an Indirect Injection (IDI) system, fuel is injected into a
pre-chamber or intake manifold rather than directly into the
combustion chamber.

e The fuel mixes with air in the pre-chamber or manifold
before entering the main combustion chamber.

Operation:

e Injection Timing: Fuel is injected into a pre-chamber or
intake manifold during the intake stroke. The air-fuel mixture
is then drawn into the main combustion chamber.

e Advantages:




o Simplicity: Generally simpler and less expensive to
manufacture compared to direct injection systems.

o Lower Risk of Carbon Deposits: Fuel washes over
the intake valves, reducing the likelihood of carbon
buildup.

e Disadvantages:

o Lower Efficiency: Less efficient combustion
compared to direct injection due to less precise
fuel-air mixing.

o Reduced Power: Potentially lower power output due
to less efficient combustion.

o Higher Emissions: May produce higher levels of CO
and HC emissions due to incomplete combustion.

Applications:
e Commonly used in older or less performance-focused

engines, as well as some diesel engines where the technology
is simpler and cost-effective.

Write about the various processes involved in Dual cycle with P-V
& T-S diagrams?

The Dual cycle, also known as the Mixed Cycle, is a thermodynamic
cycle that combines elements of both the Otto cycle (constant
volume) and the Diesel cycle (constant pressure). It is often used to
describe engines that operate with a combination of both constant
volume and constant pressure processes, such as some modern diesel
engines with variable valve timing.

Processes Involved in the Dual Cycle

The Dual cycle includes the following key processes:

1. Intake Stroke (Process 1-2)

o Description: The intake valve opens, and the piston
moves down from the top dead center (TDC) to the
bottom dead center (BDC).

o Process: The volume increases while the pressure
remains nearly constant.

o Objective: To draw in the air-fuel mixture into the
cylinder.

2. Compression Stroke (Process 2-3)

o Description: Both the intake and exhaust valves are

closed, and the piston moves up from BDC to TDC.

Understand
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Process: The air-fuel mixture is compressed, leading
to an increase in pressure and temperature. The
compression is typically adiabatic.

Objective: To increase the pressure and temperature
of the air-fuel mixture in preparation for combustion.

3. Combustion Stroke (Process 3-4)

(0)

(o)

Description: Combustion occurs after the piston
reaches TDC. Fuel is injected and ignited, causing a
rapid increase in pressure.

Process: The pressure increases at nearly constant
volume (similar to the Otto cycle) initially, followed
by a constant pressure process (similar to the Diesel
cycle) as the combustion continues.

Objective: To maximize the work done by the
expanding gases during combustion.

4. Expansion Stroke (Process 4-5)

0

0

Description: The piston moves down from TDC to
BDC while the exhaust valve remains closed.
Process: The gases expand at nearly constant
pressure, which provides the power stroke.
Objective: To convert the thermal energy of the
gases into mechanical work.

5. Exhaust Stroke (Process 5-1)

(o)

(o)

Description: The exhaust valve opens, and the piston
moves up from BDC to TDC.

Process: The spent gases are expelled from the
cylinder, decreasing the volume while pressure
remains nearly constant.

Objective: To clear the cylinder of exhaust gases and
prepare for the next intake stroke.

P-V (Pressure-Volume) Diagram

The P-V diagram illustrates the changes in pressure and volume
during the Dual cycle:

e Process 1-2: Isobaric intake, where the volume increases at
nearly constant pressure.

e Process 2-3: Adiabatic compression, where both volume and
pressure increase.

e Process 3-4: Initial constant volume combustion (similar to
Otto cycle), followed by constant pressure expansion (similar
to Diesel cycle).

e Process 4-5: [sobaric expansion, where the volume increases
at nearly constant pressure.




e Process 5-1: Isobaric exhaust, where the volume decreases at

nearly constant pressure.

P-V Diagram:

V1
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Region 1-2: Intake

Region 2-3: Compression

Region 3-4: Combustion (initially constant volume, then
constant pressure)

Region 4-5: Expansion

Region 5-1: Exhaust

T-S (Temperature-Entropy) Diagram

The T-S diagram shows the temperature and entropy changes
throughout the cycle:

e Process 1-2: Isochoric heating, with an increase in
temperature and entropy.

e Process 2-3: Adiabatic compression, increasing temperature
while entropy remains nearly constant.

e Process 3-4: Initially constant volume combustion (increase
in temperature and entropy), followed by constant pressure
combustion (further increase in entropy).

e Process 4-5: [sobaric expansion, with a decrease in
temperature but an increase in entropy.

e Process 5-1: Isochoric cooling, where the temperature
decreases and entropy remains nearly constant.

T-S Diagram:
e Region 1-2: Intake
e Region 2-3: Compression




e Region 3-4: Combustion (initially constant volume, then
constant pressure)

e Region 4-5: Expansion

e Region 5-1: Exhaust

Explain briefly about types of combustion chamber with neat
sketch.

Combustion chambers in internal combustion engines are designed
to facilitate efficient combustion of the air-fuel mixture. Different
types of combustion chambers have distinct shapes and
configurations that affect engine performance, efficiency, and
emissions. Here’s a brief overview of the main types of combustion
chambers:
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1. Open Combustion Chamber
Description:
e The open combustion chamber has a simple, open design
with no specific pre-chamber or additional features.
e The air-fuel mixture is introduced directly into the main
combustion chamber.

Characteristics:

e Design: Directly open to the cylinder, with minimal or no
separation between the intake and combustion areas.

Remember




e Applications: Common in older gasoline engines and some
modern engines with simple designs.

Advantages:

e Simplicity: Simple design with fewer components.
e Ease of Manufacturing: Easier and less costly to
manufacture.

Disadvantages:

e Lower Efficiency: Less efficient mixing of air and fuel,
leading to incomplete combustion and higher emissions.

e Higher Emissions: Potentially higher levels of unburned
hydrocarbons and carbon monoxide.

2. Hemisphere Combustion Chamber
Description:

e The hemisphere combustion chamber has a hemispherical
shape, creating a space with a dome-like structure.

e Often used in combination with a wedge-shaped piston
crown to enhance turbulence and mixing.

Characteristics:

e Design: The chamber is shaped like a half-sphere, allowing
for better mixing of the air-fuel mixture.
e Applications: Common in many modern gasoline engines.

Advantages:

e Improved Efficiency: Better air-fuel mixing due to
enhanced turbulence.

e Higher Power Output: More efficient combustion can lead
to increased engine power.

Disadvantages:

e Complexity: More complex design and manufacturing
compared to open chambers.

e Potential for Knock: Can be more prone to knocking
(pre-ignition) if not properly managed.




3. Pre-Chamber Combustion Chamber
Description:

e A pre-chamber combustion chamber has a small, separate
chamber (pre-chamber) that is connected to the main
combustion chamber.

e The air-fuel mixture is first ignited in the pre-chamber, then
the resulting gases are directed into the main chamber.

Characteristics:

e Design: The pre-chamber is located adjacent to or within the
main combustion chamber, allowing for better mixing and
ignition control.

e Applications: Used in some diesel engines and advanced
gasoline engines.

Advantages:

e Improved Combustion: Better mixing and more controlled
combustion process.

e Reduced Emissions: More complete combustion can lead to
lower emissions.

Disadvantages:
e Complexity: More complex design with additional
components.

e Cost: Increased manufacturing costs due to the additional
chamber and mechanisms.

4. Swirl Combustion Chamber
Description:
e The swirl combustion chamber is designed to create a
swirling motion of the air-fuel mixture within the chamber.
e This design promotes better mixing and efficient
combustion.

Characteristics:

e Design: Features inlet ports or shapes that induce a swirling
motion in the combustion chamber.




e Applications: Common in modern diesel engines and some
advanced gasoline engines.

Advantages:

e Enhanced Mixing: Improved air-fuel mixing due to the
swirling action.

e Better Combustion Efficiency: More complete combustion
and reduced emissions.

Disadvantages:

e Complexity: Design and manufacturing can be more
complex.

e Potential for Noise: Swirling action can increase engine
noise.

UNIT 3: ENGINE LUBRICATION AND COOLING

Lubrication of engine components, Lubrication system — wet sump and dry sump, crankcase
ventilation, Types of cooling systems — liquid and air cooled, comparison of liquid and air cooled
systems.

Part A (2 marks)
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How to determine Engine Friction?
Determining Engine Friction

Engine friction can be determined by measuring the difference
between the indicated power (power generated inside the
combustion chamber) and the brake power (power available at the
crankshaft). This is typically done using a dynamometer and the
following methods:

e Motoring Test: Running the engine without fuel and
measuring the power required to overcome friction.

e Friction Mean Effective Pressure (FMEP): Calculated
using empirical formulas and engine parameters.

e Villans Line Method: Extrapolating power measurements
at various loads to find friction losses.

Understand

Define Total Engine Friction.
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Total Engine Friction

Total engine friction encompasses all the resistive forces within an
engine that oppose the motion of its components. This includes
friction between moving parts (pistons, crankshaft, camshaft, etc.),
pumping losses, and accessory drive losses.

What is the purpose of Lubricants? Understand
Purpose of Lubricants
The primary purposes of lubricants in an engine are:
e Reducing Friction: Minimizing the resistance between
moving parts.
e Cooling: Absorbing and dissipating heat generated by
friction.
e C(leaning: Removing contaminants and debris from engine
parts.
e Protecting: Forming a protective film to prevent corrosion
and wear.
e Sealing: Helping to seal gaps between components to
prevent leakage.
Define Properties of lubricants. Remember

Properties of Lubricants

Key properties of lubricants include:

Viscosity: Resistance to flow, which affects lubrication and
cooling.

Viscosity Index: Measure of how viscosity changes with
temperature.

Thermal Stability: Ability to resist breakdown at high
temperatures.

Oxidation Stability: Resistance to reacting with oxygen at
high temperatures.

Corrosion Protection: Ability to prevent rust and corrosion.
Detergent Properties: Ability to clean and suspend
contaminants.




What is the need of cooling system?
Need for Cooling System
The cooling system is necessary to:

e Maintain Optimal Operating Temperature: Prevent
overheating and ensure efficient engine performance.

e Prevent Engine Damage: Avoid damage to engine
components caused by excessive heat.

e Improve Efficiency: Ensure combustion efficiency and
reduce fuel consumption.

e Extend Engine Life: Reduce thermal stress on engine parts.

Understand

Define types of lubricants. Remember
Types of Lubricants
Lubricants can be classified into:
e Mineral Qils: Derived from crude oil, used in many standard
applications.
e Synthetic Oils: Chemically engineered for specific
properties and performance.
e Semi-Synthetic Oils: Blend of mineral and synthetic oils for
balanced performance.
e Bio-based Oils: Made from renewable resources,
environmentally friendly.
Define crank case ventilation. Remember
Crankcase Ventilation
Crankcase ventilation is the process of removing gases (blow-by
gases) that leak from the combustion chamber into the crankcase. It
helps maintain pressure balance, prevents oil contamination, and
reduces emissions. Systems include:
e Positive Crankcase Ventilation (PCV): Uses engine
vacuum to draw gases back into the intake manifold for
re-combustion.
e Open Crankcase Ventilation (OCV): Vents gases directly
to the atmosphere (less common due to environmental
regulations).
What is the necessity of engine cooling? Understand




Necessity of Engine Cooling

Engine cooling is necessary to:

e Prevent Overheating: Avoid damage to engine components.

e Maintain Efficiency: Ensure optimal combustion and
performance.

e Protect Lubricants: Prevent breakdown of lubricating oil
due to high temperatures.

Define Heat transfer.
Heat Transfer

Heat transfer is the process of thermal energy moving from a hotter
object to a cooler one. It occurs through:

e Conduction: Direct transfer through a material.
e Convection: Transfer through a fluid (liquid or gas).
e Radiation: Transfer through electromagnetic waves.

Remember
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Define Air cooling system.
Air Cooling System

An air cooling system uses air to dissipate heat from the engine.
Components typically include cooling fins on the engine block and
cylinder head, and sometimes a fan to increase airflow. It's
commonly used in motorcycles, lawnmowers, and small engines.

Remember
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Define water cooling.
Water Cooling

A water cooling system uses a liquid coolant (usually water mixed
with antifreeze) to absorb and transfer heat from the engine. Key
components include:

e Radiator: Exchanges heat with the air.

e Water Pump: Circulates the coolant.

e Thermostat: Regulates the coolant flow based on
temperature.

Remember




Coolant: The liquid that absorbs heat from the engine.
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What is the need of oil filters?
Need for Oil Filters
Oil filters are necessary to:

e Remove Contaminants: Filter out particles, dirt, and debris
from the oil.

e Protect Engine Components: Prevent abrasive wear by
ensuring clean oil.

e Maintain Oil Quality: Extend the life and effectiveness of
the lubricating oil.

Understand
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Define Mist Lubrication system.
Mist Lubrication System

In a mist lubrication system, a fine mist of oil is created and
delivered to the engine components. This system is often used in
two-stroke engines and small air-cooled engines. It provides
lubrication with minimal oil consumption.

Remember
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What are the Components of water cooling system?
Components of Water Cooling System
The water cooling system typically includes:

e Radiator: Transfers heat from coolant to air.

e Water Pump: Circulates coolant through the system.

e Thermostat: Controls coolant flow based on engine
temperature.

o Coolant Reservoir: Stores excess coolant.

Fan: Increases airflow through the radiator.

e Hoses and Piping: Connects components and channels
coolant.

Remember
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Define dry sump.
Dry Sump
A dry sump system is an engine lubrication system where oil is

stored in an external tank instead of the engine sump. Advantages
include:

Remember




e Improved Lubrication: Consistent oil supply regardless of
engine orientation.

e Reduced Oil Aeration: Less air mixed with oil, enhancing
lubrication.

e Lower Center of Gravity: Allows engine placement lower
in the vehicle.

Better Cooling: External tank can be larger and better cooled.

Part B (16 marks)
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sketch.

Engine lubrication is crucial for the smooth operation, longevity,
and efficiency of an internal combustion engine. It involves the
application of lubricant (usually oil) to various engine components
to reduce friction, prevent wear, and ensure proper function.

Key Functions of Engine Lubrication

1. Reducing Friction:
o Purpose: Minimizes friction between moving parts,
reducing wear and tear.
0 Mechanism: Lubricant forms a thin film between
surfaces, preventing metal-to-metal contact.
2. Cooling:
o Purpose: Helps dissipate heat generated by friction
and combustion.
0 Mechanism: Absorbs and transfers heat away from
hot engine components.
3. Cleaning:
o Purpose: Carries away contaminants and debris.
0 Mechanism: Lubricant suspends particles and
deposits them in the oil filter.

4. Sealing:
o Purpose: Improves the seal between the piston and
cylinder walls.
0 Mechanism: Lubricant helps maintain compression
by sealing gaps.

5. Corrosion Protection:
o Purpose: Protects metal surfaces from rust and
corrosion.




0 Mechanism: Contains additives that inhibit oxidation
and corrosion.

Components Involved in Engine Lubrication

1. QOil Pump:
o Function: Circulates oil throughout the engine.
o Location: Typically mounted on the engine block.
2. Oil Filter:
o Function: Removes contaminants and particles from
the oil.
o Location: Usually located along the oil flow path.
3. Oil Pan (Sump):
o Function: Stores the oil when the engine is off.
o Location: Mounted at the bottom of the engine.
4. Lubrication Channels:
o Function: Directs oil to various engine components.
o Location: Integrated within the engine block and
cylinder head.

Lubrication System Types

1. Splash Lubrication:
0 Mechanism: Oil is splashed onto moving parts by the
motion of the crankshaft.
o Use: Common in older or simpler engines.
2. Pressure Lubrication:
o Mechanism: Oil is pumped under pressure through
channels to critical components.
o Use: Common in modern engines for better oil
distribution.
3. Dry Sump Lubrication:
0o Mechanism: Oil is stored in a separate tank and
pumped to the engine.
o Use: Often used in high-performance engines to
prevent oil starvation under extreme conditions.

Sketch of Engine Lubrication System
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1. Pressure Lubrication System

QOil Pan (Sump):
o Position: At the bottom of the engine.
o Function: Contains the oil reservoir.
2. QOil Pump:
o Position: Connected to the oil pan.
o Function: Pumps oil to various engine parts.
3. Oil Filter:
o Position: Along the oil flow path from the pump.
o Function: Filters contaminants from the oil.
4. Lubrication Channels:
o Position: Integrated within the engine block.
o Function: Distributes oil to bearings, pistons, and
other components.
5. Connecting Rods and Crankshaft:
o Position: Located inside the engine block.
o Function: Splash lubrication is often used to oil these
parts.

Discuss about the Properties of Lubricants & explain about its
advantages and disadvantages.

Properties of Lubricants

Lubricants are essential for reducing friction, wear, and heat in
mechanical systems. The effectiveness of a lubricant depends on
several key properties:

1. Viscosity:
o Definition: The measure of a lubricant’s resistance to
flow. Higher viscosity means thicker oil, while lower
viscosity means thinner oil.

Remember




o Importance: Adequate viscosity ensures proper
lubrication under varying temperature and pressure
conditions. It affects the lubricant’s ability to form a
protective film between moving parts.

2. Viscosity Index (VI):

o Definition: A measure of how much a lubricant’s
viscosity changes with temperature. A high VI
indicates less change in viscosity with temperature.

o Importance: A high VI is desirable because it means
the lubricant maintains its effectiveness across a
wider temperature range.

3. Flash Point:

o Definition: The temperature at which the lubricant
vapors ignite in air.

o Importance: A higher flash point indicates better
thermal stability and safety during high-temperature
operation.

4. Pour Point:

o Definition: The lowest temperature at which the
lubricant remains fluid.

o Importance: A lower pour point ensures the
lubricant remains effective at low temperatures,
preventing it from becoming too thick to flow.

5. Lubricating Ability:

o Definition: The ability of a lubricant to form a
protective film on surfaces.

o Importance: Good lubricating ability reduces
friction and wear by preventing metal-to-metal
contact.

6. Additive Package:

o Definition: Various chemicals added to lubricants to
enhance their performance.

o Common Additives:

= Detergents: Keep the engine clean by
preventing deposit formation.

= Dispersants: Help suspend particles in the
oil.

= Anti-wear Agents: Protect metal surfaces
from wear.

= Antioxidants: Prevent oxidation and
degradation.

7. Corrosion and Rust Protection:

o Definition: The ability of a lubricant to prevent
corrosion and rust formation on metal surfaces.

o Importance: Ensures long-term protection of engine
and machinery components.




8. Thermal Stability:
o Definition: The ability of a lubricant to remain stable
and effective under high temperatures.
o Importance: Prevents the breakdown of the lubricant
and formation of harmful deposits.

Advantages of Lubricants

1. Reduces Friction:

o Advantage: Minimizes friction between moving
parts, reducing wear and tear and improving
efficiency.

2. Prevents Wear and Tear:

o Advantage: Forms a protective film on surfaces,

extending the lifespan of components.
3. Improves Efficiency:

o Advantage: Reduces energy loss due to friction,

improving overall mechanical efficiency.
4. Cools Components:

o Advantage: Absorbs and dissipates heat generated by

friction, preventing overheating.
5. Cleans and Protects:

o Advantage: Helps remove contaminants and prevent
rust and corrosion, maintaining clean and protected
surfaces.

6. Maintains Proper Functioning:

o Advantage: Ensures smooth operation of machinery

and engines, reducing the risk of failure.

Disadvantages of Lubricants

1. Degradation Over Time:

o Disadvantage: Lubricants can degrade due to
oxidation, high temperatures, and contamination,
reducing their effectiveness.

2. Maintenance Requirements:

o Disadvantage: Regular monitoring and changing of
lubricants are required to ensure optimal performance
and avoid potential issues.

3. Cost:

o Disadvantage: High-quality lubricants and their
additives can be expensive, impacting overall
maintenance costs.

4. Environmental Impact:

o Disadvantage: Improper disposal of used lubricants

can lead to environmental contamination.




5. Potential for Sludge Formation:
o Disadvantage: Over time, lubricants can form sludge

or varnish, which can clog filters and reduce engine
performance.

Explain about types of lubricants & What are the advantages and
disadvantages of it?

Types of Lubricants

Lubricants can be categorized based on their composition and
application. The main types include:

1.

Mineral Qils:
o Definition: Derived from refining crude oil.
o Types: Include paraffinic, naphthenic, and aromatic oils.
o Applications: Widely used in automotive engines,
industrial machinery, and compressors.
Synthetic Oils:
o Definition: Man-made lubricants synthesized from
chemical compounds.
o Types: Include ester-based, phosphate esters, and
organosilicon compounds.
o Applications: Used in high-performance engines,

aerospace, and extreme temperature environments.

Semi-Synthetic Oils:

Definition: A blend of mineral oils and synthetic oils.

(@]

o Applications: Provides enhanced performance compared
to mineral oils but at a lower cost than full synthetics.

Greases:

o Definition: Consist of a lubricant (oil) thickened with a
soap or non-soap thickener.

o Types: Include lithium-based, calcium-based, and
complex greases.

o Applications: Used in applications where a liquid lubricant

would not stay in place, such as bearings, joints, and open
gears.

Bio-Lubricants:

Definition: Made from renewable resources and designed

(@]
to be biodegradable.

o Types: Include ester-based, vegetable oils, and animal
fats.

o Applications: Used in industries where environmental
impact is a concern, such as forestry and agriculture.

Dry Lubricants:
o Definition: Solid lubricants that work without liquid oil,

such as graphite or molybdenum disulfide.

Remember




o Applications: Used in high-temperature applications or

where liquid lubricants would be unsuitable.
7. Water-Based Lubricants:

o Definition: Lubricants that use water as the primary fluid,
often with additives to improve performance.

o Types: Include soluble oils, emulsions, and gels.

o Applications: Used in machining processes, such as
cutting and grinding.

Advantages and Disadvantages of Different Types of
Lubricants

1. Mineral Qils

e Advantages:

o Cost-Effective: Generally less expensive than synthetic
oils.

o Wide Availability: Readily available and used in a variety
of applications.

o Good Lubrication: Effective for many standard
applications.

e Disadvantages:

o Lower Performance: May not perform as well in extreme
temperatures or high-stress conditions compared to
synthetics.

o Degradation: Can degrade faster and require more
frequent changes.

2. Synthetic Oils

e Advantages:
o High Performance: Excellent performance under extreme
temperatures and high-stress conditions.
o Longer Life: Typically last longer and maintain their
properties better over time.
o Reduced Deposits: Produce fewer deposits and sludge.
e Disadvantages:
o Cost: Generally more expensive than mineral oils.
o Compatibility: May not be compatible with all systems,
requiring careful selection.

3. Semi-Synthetic Oils

e Advantages:




o Balanced Performance: Offers improved performance
compared to mineral oils at a lower cost than full
synthetics.

o Versatility: Suitable for a wide range of applications.

e Disadvantages:

o Intermediate Cost: More expensive than mineral oils but
less so than full synthetics.

o Performance Limitations: May not match the
high-performance standards of fully synthetic oils.

4. Greases

e Advantages:
o Stayin Place: Ideal for applications where the lubricant
needs to stay in place and withstand high pressures.
o Protection: Provides excellent protection against water
and contaminants.
e Disadvantages:
o Limited Flow: Can be less effective in applications
requiring free-flowing lubricants.
o Cost: Some high-performance greases can be expensive.

Explain About wet sump lubrication system with neat sketch.

Wet Sump Lubrication System

Wet sump lubrication is a common system used in internal
combustion engines where the oil is stored in a sump or oil pan
located at the bottom of the engine. This system is simple and
widely used in many automotive and small engine applications.

Components of Wet Sump Lubrication System

1. Oil Pan (Sump):
o Function: Holds the oil when the engine is off.
o Location: Mounted at the bottom of the engine.

2. QOil Pump:
o Function: Pumps oil from the oil pan to various engine
components.

o Types: Gear pump, rotor pump, or vane pump.
o Location: Attached to the engine block or integrated with
the oil pan.
3. OQil Filter:

Remember




o Function: Removes contaminants and particles from the
oil.
o Location: Installed along the oil flow path, usually close to
the oil pump.
4. Oil Pickup Tube:
o Function: Draws oil from the oil pan and delivers it to the
oil pump.
o Location: Extends into the oil pan and is connected to the
pump.
5. Lubrication Channels:
o Function: Distribute oil to various engine components like
bearings, pistons, and camshaft.
o Location: Integrated within the engine block and cylinder
head.
6. OQil Pressure Relief Valve:
o Function: Regulates oil pressure and prevents excessive
pressure buildup.
o Location: Usually located in the oil pump or engine block.
7. QOil Cooler (Optional):
o Function: Cools the oil if necessary to maintain optimal
operating temperature.
o Location: Positioned in the oil circuit.

How Wet Sump Lubrication System Works

1. Oil Collection:
o When the engine is off, oil collects in the oil pan at the
bottom of the engine.
2. QOil Pump Operation:
o When the engine starts, the oil pump draws oil from the
oil pan through the oil pickup tube.
o The pump then pressurizes the oil and sends it through
the oil filter to remove any contaminants.
3. Distribution:
o Clean, pressurized oil is distributed through lubrication
channels to various engine components.
o Oil lubricates moving parts such as bearings, camshafts,
and pistons, reducing friction and wear.
4. Return to Oil Pan:
o After lubricating the engine components, the oil returns
to the oil pan.
o It collects any debris or contaminants and is ready to be
recirculated when the engine starts again.
5. QOil Pressure Regulation:




o The oil pressure relief valve ensures that the oil pressure
remains within the specified range, preventing damage to
the engine.

Sketch of Wet Sump Lubrication System

Here's a simplified sketch of a typical wet sump lubrication system:
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Briefly explain about components of water cooling systems with
neat diagram.

Components of Water Cooling Systems

Water cooling systems are commonly used in internal combustion
engines and industrial machinery to manage temperature by
transferring heat away from the engine. The primary components of
a water cooling system include:

1. Radiator:
o Function: Transfers heat from the engine coolant to
the air.
o Location: Mounted at the front of the engine
compartment.

o Construction: Consists of a series of tubes and fins
that maximize surface area for heat dissipation.
2. Water Pump:

Understand




o Function: Circulates coolant through the engine and
radiator.
o Location: Typically mounted on the front of the
engine or driven by a belt.
o Construction: Contains an impeller that pushes the
coolant through the system.
Thermostat:
o Function: Regulates the engine temperature by
controlling coolant flow to the radiator.
o Location: Installed in the engine block or the coolant
outlet.
o Construction: A valve that opens and closes based
on temperature.
Coolant Reservoir (Expansion Tank):
o Function: Provides additional coolant capacity and
absorbs coolant expansion.
o Location: Positioned near the radiator.
o Construction: A sealed container that maintains
coolant levels and pressure.

o Function: Transport coolant between the engine,
radiator, and other components.
o Location: Connects various parts of the cooling
system.
o Construction: Made of rubber or reinforced
materials to withstand temperature and pressure.
Cooling Fans:
o Function: Enhances air flow through the radiator to
improve heat dissipation.
o Location: Mounted behind the radiator.
o Construction: Electric or belt-driven fans that turn
on based on temperature.
Heater Core:
o Function: Transfers heat from the coolant to the
cabin for heating.
o Location: Located inside the vehicle cabin.
o Construction: Similar to a small radiator that
provides heat to the passenger compartment.
Water Jacket:
o Function: Circulates coolant around the engine block
to absorb and transfer heat.
o Location: Integrated into the engine block and
cylinder head.
o Construction: Channels and passages within the
engine casting.




Diagram of Water Cooling System

Here’s a simplified sketch of a typical water cooling system:
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Explain About Dry sump lubrication system with neat sketch.
Dry Sump Lubrication System

The dry sump lubrication system is used primarily in
high-performance and racing engines where conventional wet sump
systems might not provide adequate oil control, especially under
high-G forces or extreme conditions. Unlike the wet sump system,
the dry sump system does not rely on an oil pan to collect oil.

Components of Dry Sump Lubrication System

1. Qil Tank:

o Function: Stores the oil separately from the engine.

o Location: Mounted externally to the engine, often in the
vehicle's trunk or elsewhere.

o Construction: A sealed container that holds the oil for the
entire system.

2. QOil Pump(s):

o Function: Transfers oil from the tank to the engine and
returns it after lubrication.

o Types: Typically two or more pumps are used—one for
scavenging oil from the engine and another for
pressurizing oil to the engine components.

o Location: Attached to the engine or integrated with the
oil tank.

3. Scavenge Pump:

Remember




o Function: Removes oil from the engine and returns it to
the oil tank.

o Location: Often located in the oil sump area of the
engine.

o Construction: Works to create a vacuum and pull oil from
the engine's lubrication channels.

Pressure Pump:

o Function: Pumps pressurized oil from the oil tank to the
engine's lubrication points.

o Location: Integrated with or located close to the oil tank.

o Construction: Provides the necessary pressure to ensure
proper lubrication of engine components.

QOil Cooler:
o Function: Cools the oil to maintain optimal operating
temperatures.

o Location: Positioned in the oil circuit, often close to the
oil tank or integrated with it.
Oil Lines and Hoses:
o Function: Transport oil between the tank, pumps, and
engine.
o Location: Connects various components in the system.
o Construction: High-pressure, heat-resistant hoses.
Oil Filter:
o Function: Filters contaminants from the oil before it
enters the engine.
o Location: Typically located in the oil circuit between the
pump and engine.
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How Dry Sump Lubrication System Works

QOil Collection:
o The scavenge pump removes oil from the engine's sump
and channels it back to the external oil tank.




2. Qil Storage:

o The oil is stored in the external oil tank, which maintains a

reserve of oil and helps separate contaminants.
3. Qil Pressurization:

o The pressure pump draws oil from the oil tank and
pressurizes it before sending it to the engine's lubrication
channels.

4. Oil Distribution:

o Pressurized oil flows through the engine's lubrication
system, lubricating moving parts such as bearings and
pistons.

5. Oil Cooling and Filtration:

o As oil circulates, it may pass through an oil cooler to
regulate temperature and an oil filter to remove
contaminants.

6. Return to Oil Tank:

o After lubricating the engine components, the oil returns

to the external oil tank via the scavenge pump.

Discuss about comparison of liquid and air cooled systems.
Comparison of Liquid-Cooled and Air-Cooled Systems

Both liquid-cooled and air-cooled systems are used to manage
engine temperatures, each with its own advantages and
disadvantages. The choice between these systems depends on the
engine's application, design requirements, and performance needs.

Liquid-Cooled Systems

Definition: Liquid-cooled systems use a coolant (typically a mixture
of water and antifreeze) to absorb heat from the engine and transfer
it to a radiator, where it is cooled by air.

Components:
e Radiator: Cools the hot coolant.
e Water Pump: Circulates the coolant through the system.
e Thermostat: Regulates coolant temperature.
e Coolant Reservoir: Stores additional coolant and absorbs

expansion.
e Hoses and Pipes: Transport coolant between components.

Advantages:

Remember




1. Effective Cooling:

O

O

Advantage: Provides better heat dissipation, making it
suitable for high-performance and high-load engines.
Explanation: Liquid coolant has a higher heat capacity
than air, allowing for more efficient heat transfer.

2. Temperature Regulation:

O

o

Advantage: Maintains a stable engine temperature
regardless of external conditions.

Explanation: The thermostat and radiator regulate the
engine's operating temperature effectively.

3. Engine Design Flexibility:

O

O

Advantage: Allows for more compact and flexible engine
designs.

Explanation: The engine can be designed without large
cooling fins or external cooling mechanisms.

4. Better Performance in Extreme Conditions:

o Advantage: Performs well in various environmental
conditions, including extreme temperatures.
o Explanation: The system is less affected by ambient air
temperature compared to air-cooled systems.
Disadvantages:

1. Complexity:

o Disadvantage: More complex with additional components
such as pumps, radiators, and thermostats.
o Explanation: The increased complexity can lead to higher
maintenance and repair costs.
2. Weight:
o Disadvantage: Heavier due to the addition of the cooling
system components.
o Explanation: The radiator, water pump, and coolant add
weight to the vehicle or engine.
3. Cost:
o Disadvantage: Generally more expensive to install and
maintain.
o Explanation: The cost of components and the need for

regular coolant changes contribute to higher costs.

Air-Cooled Systems

Definition: Air-cooled systems rely on air flow to cool the engine.
Heat is dissipated directly from the engine's surfaces to the
surrounding air, often assisted by cooling fins and fans.




Components:

e Cooling Fins: Increase the surface area for heat dissipation.
e Cooling Fan: Enhances air flow over the engine and cooling fins.
e Engine Block: Designed with integrated cooling fins.

Advantages:

1. Simplicity:
o Advantage: Fewer components and simpler design.
o Explanation: No need for radiators, water pumps, or
thermostats, which reduces complexity.

2. Weight:
o Advantage: Lighter as there is no need for a liquid cooling
system.

o Explanation: Eliminates the weight of the radiator, water
pump, and coolant.

o Advantage: Generally less expensive to manufacture and
maintain.

o Explanation: Fewer parts and no need for coolant
changes lower costs.

4. Reliability:

o Advantage: Fewer moving parts mean fewer potential
points of failure.

o Explanation: The absence of a complex cooling system
reduces the likelihood of leaks and mechanical failures.

Disadvantages:

1. Limited Cooling Efficiency:

o Disadvantage: Less effective in cooling high-performance
or high-load engines.

o Explanation: Air has a lower heat capacity compared to
liquid, making it less effective for high-temperature
applications.

2. Temperature Variation:

o Disadvantage: Engine temperature can vary with ambient
air conditions.

o Explanation: Performance and cooling efficiency are
affected by external temperature, potentially leading to
overheating in hot conditions.

3. Design Constraints:

o Disadvantage: Limited design flexibility due to the need
for cooling fins and sufficient air flow.

o Explanation: The engine design must accommodate fins
and space for adequate air circulation.




4. Cooling in Extreme Conditions:

o Disadvantage: Less effective in extreme cold or hot
conditions.

o Explanation: In very hot climates, air-cooled engines may
struggle to dissipate heat effectively, while in cold
climates, they may not reach optimal operating
temperatures.

Briefly explain about air cooling and water cooling system with neat
sketch.

Air Cooling System

Definition: Air cooling systems use air to remove heat from the
engine. The engine's heat is transferred directly to the air, typically
using cooling fins and a fan to enhance the process.

Components of Air Cooling System

1. Cooling Fins:
o Function: Increase the surface area for heat dissipation.
o Location: Attached to the engine block and cylinder head.
o Construction: Metal fins or ridges extending from the
engine surface.
2. Cooling Fan:
o Function: Enhances air flow over the cooling fins to
improve heat dissipation.
o Location: Mounted behind the engine or in front of the
fins.
o Construction: Electric or belt-driven fan.
3. Engine Block:
o Function: Contains integrated cooling fins.
o Location: The central component of the engine.

How Air Cooling System Works

1. Heat Transfer:
o Heat is transferred from the engine components to the

cooling fins.
2. Air Flow:
o Air flows over the cooling fins, absorbing heat from the
engine.

3. Heat Dissipation:
o The heated air is carried away from the engine, reducing
the engine temperature.

Remember




Diagram of Air Cooling System

Water Cooling System

Definition: Water cooling systems use a liquid coolant (typically a
mixture of water and antifreeze) to absorb heat from the engine. The
heated coolant is then passed through a radiator where it is cooled by
air.

Components of Water Cooling System

1. Radiator:
o Function: Cools the hot coolant.
o Location: Mounted at the front of the engine
compartment.
o Construction: Consists of tubes and fins.
2. Water Pump:
o Function: Circulates coolant through the engine and
radiator.
o Location: Attached to the engine block or integrated with
the oil pump.
o Construction: Contains an impeller to move the coolant.
3. Thermostat:
o Function: Regulates the engine temperature by
controlling coolant flow.
o Location: Installed in the engine block.




o Construction: A valve that opens and closes based on
temperature.
4. Coolant Reservoir:
o Function: Provides additional coolant capacity and
absorbs coolant expansion.
o Location: Positioned near the radiator.
o Construction: A sealed container.
5. Hoses:
o Function: Transport coolant between components.
o Location: Connects the engine, radiator, and other
components.
o Construction: Rubber or reinforced material.

How Water Cooling System Works

1. Heat Absorption:
o Coolant absorbs heat from the engine as it circulates
through the engine block and cylinder head.
2. Heat Transfer:
o Heated coolant is pumped to the radiator.
3. Heat Dissipation:
o The radiator cools the coolant using air flow.
4. Coolant Return:
o The cooled coolant is returned to the engine for
recirculation.

Diagram of Water Cooling System
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UNIT 4: TURBO CHARGING, SUPER CHARGING AND ENGINE EMISSIONS




Introduction to Turbo charging and supercharging, Engine emissions - Emission control methods
in SI and CI engines, catalytic converters-EGR, Modern evaporative emission control system
Lean Burn Engines, homogeneous charge compression ignition engines.

Part A (2 marks)
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Define Turbo charging.
Turbocharging
Turbocharging is a method of increasing an engine's efficiency and

power output by forcing extra compressed air into the combustion
chamber using a turbine driven by the engine's exhaust gases.

Remember

Define supercharging.
Supercharging

Supercharging is a method of increasing an engine's power output by
compressing the intake air using a mechanically driven compressor
(supercharger), typically powered by a belt connected to the engine's
crankshaft.

Remember

What is the Function of turbo charging?
Function of Turbocharging
The primary functions of turbocharging include:

e Increasing air density entering the engine, allowing more
fuel to be burned, thus increasing power output.

e Improving overall engine efficiency and performance.

e Reducing specific fuel consumption and emissions by
improving combustion.

Understand

Define method of turbo charging.
Method of Turbocharging
Methods of turbocharging include:

e Single-Turbo: One turbocharger compresses air for the
engine.

Understand




e Twin-Turbo: Two turbochargers work either in sequence or
parallel to provide better performance across a range of
speeds.

e Variable Geometry Turbocharger (VGT): Adjusts the flow
of exhaust gases to the turbine to optimize performance at
different engine speeds.

e Twin-Scroll Turbo: Uses a divided turbine housing and
exhaust manifold to improve scavenging and reduce lag.

List out the invisible and visible emission.
Invisible and Visible Emission

e Invisible Emissions: These include gases such as carbon
monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOx),
and sulfur oxides (SOx).

e Visible Emissions: These include smoke (particulate matter),
often seen as black, blue, or white smoke depending on the
cause.

Understand

Write short note on HC emissions.
HC Emissions (Hydrocarbon Emissions)

Hydrocarbon emissions result from incomplete combustion of fuel
in the engine. They consist of unburned or partially burned fuel and
are a significant contributor to smog and air pollution. HC emissions
can be reduced through better fuel management, improved
combustion efficiency, and emission control systems like catalytic
converters.

Understand

Define Emission control methods.
Emission Control Methods
Emission control methods include:

e Catalytic Converters: Convert harmful gases into less
harmful emissions.

e Exhaust Gas Recirculation (EGR): Reduces NOx
emissions by recirculating a portion of the exhaust gas back
into the intake air.

e Particulate Filters: Capture and remove particulate matter
from diesel exhaust.

Remember




e Selective Catalytic Reduction (SCR): Reduces NOx
emissions by injecting a urea solution into the exhaust
stream.

Evaporative Emission Control Systems: Prevent fuel vapors from
escaping into the atmosphere.

Explain Limitation of turbo charging.
Limitations of Turbocharging

e Turbo Lag: Delay in power delivery due to the time taken
for the turbocharger to spool up.

e Complexity: Increased engine complexity and potential
maintenance issues.

e Heat Management: Increased heat generation requiring
efficient cooling systems.

e Cost: Higher manufacturing and maintenance costs.

Remember

What are the methods of measuring the emission in engine?
Methods of Measuring Emissions in Engines

e Gas Chromatography: For detailed analysis of gas
components.

e Infrared Gas Analyzers: Measure CO, CO2, and
hydrocarbons.

e Chemiluminescence Analyzers: Measure NOx emissions.

e Particulate Matter Samplers: Measure soot and other
particulate emissions.

o Smoke Meters: Measure opacity of the exhaust to quantify
visible emissions.

Understand

10

Write a short on carbon monoxide emissions.
Carbon Monoxide Emissions

Carbon monoxide (CO) is a colorless, odorless, and poisonous gas
produced by the incomplete combustion of carbon-containing fuels.
High CO emissions indicate poor combustion efficiency, often due
to insufficient oxygen supply or poor engine maintenance. CO
emissions can be reduced by using catalytic converters and ensuring
proper engine tuning.

Remember
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Explain EGR?

Remember




Exhaust Gas Recirculation (EGR)

EGR is an emission control technique that reduces NOx emissions
by recirculating a portion of the exhaust gases back into the engine's
intake manifold. This dilutes the oxygen in the intake air, lowers
combustion temperatures, and reduces the formation of NOx.

12

What is evaporative emission
Evaporative Emission

Evaporative emissions are the vapors that escape from a vehicle's
fuel system, primarily due to the evaporation of fuel. These
emissions occur during refueling, from the fuel tank, and from the
fuel lines. Controlling evaporative emissions involves using systems
like charcoal canisters to capture and store vapors until they can be
burned in the engine.

Remember
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What are the Methods of controlling emissions?
Methods of Controlling Emissions

e Catalytic Converters: Convert harmful gases into less
harmful substances.

e EGR Systems: Reduce NOx emissions by lowering
combustion temperatures.

e Air Injection Systems: Inject air into the exhaust to promote
further combustion of unburned hydrocarbons.

e Evaporative Emission Controls: Capture and recycle fuel
vapors.

e Particulate Filters: Trap and remove particulate matter from
diesel exhaust.

Remember
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Define Effect of catalytic converters?
Effect of Catalytic Converters

Catalytic converters significantly reduce harmful emissions from the
exhaust by converting CO, HC, and NOx into less harmful
substances such as CO2, H20, and N2 through oxidation and
reduction reactions. They are essential for meeting emission
standards and improving air quality.

Remember




15 | Define Zero Emission. 1 Remember
Zero Emission
Zero emission refers to vehicles or systems that produce no direct
exhaust emissions from the onboard source of power. Examples
include electric vehicles (EVs) and hydrogen fuel cell vehicles
(FCVs), which produce no tailpipe pollutants.
Part B (16 marks)
Q.N Question BT | Competen
0 Leve ce”
l'k
1 | Briefly explain about Turbo charging & 1 Remember

What are the advantages and disadvantages of it?
Turbocharging

Turbocharging is a technology used to increase the power output
and efficiency of internal combustion engines by forcing more air
into the combustion chamber. This is achieved using a
turbine-driven compressor that compresses the incoming air,
allowing the engine to burn more fuel and produce more power.

How It Works:

1. Exhaust Gas Flow: Exhaust gases from the engine's
cylinders flow through the turbine side of the turbocharger.

2. Turbine Rotation: The force of the exhaust gases spins the
turbine, which is connected to a shaft.

3. Compressor Function: The spinning turbine drives the
compressor on the other end of the shaft, which draws in and
compresses more air.

4. Increased Air Intake: The compressed air is then forced
into the engine's cylinders, allowing for more fuel to be
burned and more power to be generated.

Advantages of Turbocharging

1. Increased Power Output:

o Benefit: Turbocharging significantly boosts engine
power without increasing engine size, leading to
better performance and acceleration.

2. Improved Fuel Efficiency:

o Benefit: By enabling the engine to burn more fuel
efficiently, turbocharging can improve fuel efficiency,
especially at higher speeds and loads.




3. Reduced Engine Size:

o Benefit: A smaller engine with a turbocharger can
achieve power levels comparable to a larger engine,
allowing for weight savings and better fuel economy.

4. Enhanced Performance at High Altitudes:

o Benefit: Turbochargers help maintain engine
performance in high-altitude conditions where the air
is thinner, providing consistent power output.

5. Lower Emissions:

o Benefit: By improving combustion efficiency,
turbocharging can help reduce CO2 and other
emissions compared to larger, naturally aspirated
engines.

Disadvantages of Turbocharging

1. Increased Complexity:

o Issue: Turbocharging adds complexity to the engine
and its components, including the turbocharger itself,
intercoolers, and additional plumbing.

2. Higher Maintenance Costs:

o Issue: The added complexity can lead to higher
maintenance and repair costs, including potential
issues with the turbocharger, cooling systems, and
related components.

3. Turbo Lag:

o Issue: There can be a delay (lag) between when the
driver accelerates and when the turbocharger delivers
increased power, particularly in smaller turbos or
during rapid acceleration.

4. Heat Management:

o Issue: Turbochargers generate significant heat, which
requires effective cooling solutions to prevent
overheating and ensure reliable operation.

5. Potential for Increased Engine Stress:

o Issue: The increased pressure and power generated
by turbocharging can put additional stress on engine
components, potentially reducing engine lifespan if
not properly managed.

6. Cost:

o Issue: Turbocharged engines can be more expensive
to manufacture and purchase, potentially increasing
the cost of vehicles equipped with this technology.

Discuss briefly about the need of Engine emissions control.

Understand




Engine emissions control is essential for several key reasons, all of
which are aimed at reducing the negative impact of vehicle
emissions on health, environment, and compliance with regulatory
standards. Here’s a brief discussion on why engine emissions control
is crucial:

1. Environmental Protection

e Reduction of Pollutants: Engine emissions contain
pollutants such as carbon monoxide (CO), nitrogen oxides
(NOx), hydrocarbons (HC), and particulate matter (PM).
Controlling these emissions helps to reduce air pollution and
mitigate the adverse effects on ecosystems, including acid
rain and smog.

e Climate Change Mitigation: Vehicles contribute to
greenhouse gas emissions, particularly carbon dioxide
(CO2). Effective emissions control reduces CO2 emissions
and helps combat climate change by minimizing the carbon
footprint of vehicles.

2. Public Health

e Improved Air Quality: Pollutants from engine emissions
can cause respiratory and cardiovascular diseases, and
exacerbate conditions such as asthma. Reducing these
emissions improves air quality and has a direct positive
impact on public health.

e Prevention of Toxic Exposure: Some engine emissions
contain toxic substances like benzene and formaldehyde,
which are harmful to human health. Emissions control
systems help to lower exposure to these harmful chemicals.

3. Regulatory Compliance

o Legal Requirements: Governments and regulatory bodies
impose stringent emissions standards and regulations for
vehicles to ensure that manufacturers produce cleaner and
more efficient engines. Compliance with these regulations is
necessary to avoid legal penalties and fines.

e Market Access: Adhering to emissions standards is essential
for accessing markets where regulations are in place.
Vehicles that meet these standards can be sold in regions
with strict environmental regulations.




4. Economic Benefits

e Fuel Efficiency: Many emissions control technologies, such
as advanced combustion systems and catalytic converters,
also improve fuel efficiency. This leads to cost savings for
vehicle owners and reduces overall fuel consumption.

e Resale Value: Vehicles equipped with up-to-date emissions
control systems may have higher resale value due to their
compliance with environmental regulations and improved
performance.

5. Technological Innovation

e Advancement of Clean Technologies: Emissions control
drives the development and adoption of advanced
technologies, including electric and hybrid vehicles, which
contribute to a more sustainable transportation system.

e Incentives and Support: Governments often provide
incentives and support for vehicles that meet or exceed
emissions standards, encouraging the adoption of cleaner
technologies and fostering innovation in the automotive
industry.

Describe in detail the causes of hydro carbon emissions from SI
engines.

Hydrocarbon (HC) emissions from spark ignition (SI) engines are
primarily due to incomplete combustion of the air-fuel mixture.
Several factors contribute to HC emissions, each related to various
aspects of engine design, operation, and maintenance. Here’s a
detailed look at the causes of hydrocarbon emissions from SI
engines:

1. Incomplete Combustion

e Rich Air-Fuel Mixture: When the air-fuel mixture is too
rich (i.e., too much fuel relative to air), not all the fuel is
burned completely. This excess fuel can exit the engine as
unburned hydrocarbons.

e Poor Atomization of Fuel: Inadequate fuel atomization
leads to large fuel droplets that do not burn completely. This
is often due to malfunctioning fuel injectors or improper fuel
pressure.

Understand




2. Engine Design and Operating Conditions

e Engine Temperature: Engines running at lower
temperatures or having inadequate warm-up time may not
reach the optimal temperature for complete combustion. This
results in higher HC emissions during cold starts.

e Timing of Ignition: Incorrect ignition timing can cause
misfires or incomplete combustion. If the spark plug fires too
early or too late, it can lead to unburned fuel.

e Engine Load and Speed: Under certain load conditions or at
low engine speeds, combustion may not be complete.
Engines operating outside their optimal load range often
exhibit higher HC emissions.

3. Fuel System Issues

e Leaky Fuel Injectors: Fuel injectors that leak or have faulty
nozzles can introduce excess fuel into the combustion
chamber, leading to incomplete combustion and higher HC
emissions.

e Carburetor Problems: In carbureted engines, issues such as
a misadjusted air-fuel mixture or a malfunctioning choke can
cause excess fuel to be present, resulting in higher HC
emissions.

4. Air-Fuel Mixture Imbalance

e Poor Air-Fuel Ratio: An incorrect air-fuel ratio, whether too
rich or too lean, can lead to incomplete combustion. A rich
mixture results in excess fuel, while a lean mixture can lead
to engine misfires.

e Intake System Leaks: Leaks in the intake manifold or
vacuum lines can cause an imbalance in the air-fuel mixture,
affecting combustion efficiency and leading to higher HC
emissions.

5. Ignition System Issues

e Faulty Spark Plugs: Worn or fouled spark plugs can cause
weak or inconsistent sparks, leading to incomplete
combustion and higher HC emissions.

e Ignition Coil Problems: Malfunctioning ignition coils can
result in insufficient spark energy, leading to incomplete
combustion and increased HC emissions.




6. Exhaust System Issues

e Malfunctioning Catalytic Converter: The catalytic
converter is responsible for converting HC, CO, and NOx
into less harmful emissions. A clogged or malfunctioning
catalytic converter can result in higher HC emissions.

e Exhaust Leaks: Leaks in the exhaust system can allow
unburned fuel to escape, contributing to higher HC
emissions.

7. Engine Wear and Tear

e Worn Piston Rings: Worn or damaged piston rings can lead
to poor sealing between the piston and cylinder walls,
allowing unburned fuel to enter the crankcase and increasing
HC emissions.

e Valve Seal Issues: Worn or damaged valve seals can cause
oil to enter the combustion chamber, leading to incomplete
combustion and higher HC emissions.

8. Environmental Factors

e Temperature Extremes: Extreme temperatures can affect
fuel evaporation and combustion. Cold weather can make
fuel less volatile, leading to incomplete combustion, while
hot weather can cause fuel vaporization issues.

Explain about Emission control methods in SI and CI engines.

Emission control methods for Spark Ignition (SI) and Compression
Ignition (CI) engines focus on reducing the pollutants emitted during
combustion. Here’s an overview of the various methods used to
control emissions in each type of engine:

Emission Control Methods for Spark Ignition (SI)
Engines

1. Catalytic Converters:

o Function: Converts harmful emissions like carbon
monoxide (CO), hydrocarbons (HC), and nitrogen
oxides (NOx) into less harmful substances such as
carbon dioxide (CO2), nitrogen (N2), and water
(H20).

o Types:

Remember




= Three-Way Catalytic Converter: Handles
CO, HC, and NOx simultaneously.

= Selective Catalytic Reduction (SCR): Uses a
urea-based additive to reduce NOx emissions.

2. Fuel Injection Systems:

o Function: Provides precise control over the air-fuel
mixture, improving combustion efficiency and
reducing emissions.

o Types:

= Port Fuel Injection (PFI): Injects fuel into
the intake manifold.

* Direct Fuel Injection (DFI): Injects fuel
directly into the combustion chamber, leading
to more efficient combustion.

3. Oxygen Sensors:

o Function: Monitor the oxygen levels in the exhaust
gases and provide feedback to the engine control unit
(ECU) to adjust the air-fuel ratio for optimal
combustion.

4. EGR (Exhaust Gas Recirculation):

o Function: Recirculates a portion of the exhaust gases
back into the intake manifold, reducing combustion
temperatures and lowering NOx emissions.

5. On-Board Diagnostics (OBD):

o Function: Monitors engine performance and
emission control systems to ensure they are
functioning properly. It provides diagnostic
information and alerts for maintenance or repairs.

6. Engine Tuning and Calibration:

o Function: Adjusts engine parameters such as ignition
timing and air-fuel ratio to optimize performance and
reduce emissions.

7. Evaporative Emission Control:

o Function: Captures and stores fuel vapors that
evaporate from the fuel tank and fuel system to
prevent their release into the atmosphere.

o Components: Includes charcoal canisters and vapor
recovery systems.

Emission Control Methods for Compression Ignition (CI)
Engines

1. Turbocharging and Intercooling:
o Function: Increases the efficiency of the engine by
forcing more air into the combustion chamber and




cooling the intake air, which helps in better
combustion and reduced emissions.
2. Diesel Particulate Filters (DPF):

o Function: Captures and removes particulate matter
(soot) from the exhaust gases. The filter periodically
undergoes regeneration to burn off accumulated soot.

3. Selective Catalytic Reduction (SCR):

o Function: Uses a urea-based additive (AdBlue) to
reduce NOx emissions in the exhaust gases. The urea
reacts with NOx to form nitrogen and water.

4. Exhaust Gas Recirculation (EGR):

o Function: Recirculates a portion of the exhaust gases
back into the intake manifold to lower combustion
temperatures and reduce NOx emissions.

5. Common Rail Direct Fuel Injection:

o Function: Provides precise control of fuel injection
timing and quantity, improving combustion efficiency
and reducing NOx and particulate emissions.

6. Turbocharging with Variable Geometry:

o Function: Adjusts the turbocharger’s geometry to
optimize performance and efficiency across a range
of engine speeds and loads, leading to reduced
emissions.

7. Engine Calibration and Management:

o Function: Optimizes engine parameters such as fuel
injection timing, boost pressure, and combustion
temperature to improve efficiency and reduce
emissions.

8. Diesel Oxidation Catalysts (DOC):

o Function: Converts CO and HC into CO2 and H20,
and also helps in reducing particulate emissions by
oxidizing soot.

Briefly explain about catalytic converters with neat sketches.

A catalytic converter is an essential component of a vehicle's
exhaust system designed to reduce harmful emissions. It uses a
chemical reaction to convert toxic gases into less harmful substances
before they exit the exhaust system. Here’s a brief explanation along
with a simplified sketch to illustrate its components and function:

Function of a Catalytic Converter

1. Reduction of Emissions:

Remember




Chemical Reactions: The catalytic converter
facilitates chemical reactions that convert harmful
gases:
= Carbon Monoxide (CO) is converted into
Carbon Dioxide (CO2).
* Hydrocarbons (HC) are converted into
Carbon Dioxide (CO2) and Water (H20).
= Nitrogen Oxides (NOx) are converted into
Nitrogen (N2) and Oxygen (0O2).

2. Three Main Stages:

(o)
0

Reduction Catalyst: Converts NOx into N2 and O2.
Oxidation Catalyst: Converts CO into CO2 and HC
into CO2 and H20.

Storage/Trap Catalyst: Stores excess oxygen and
converts it during the process.

Sketch of a Catalytic Converter

Note: I’'m unable to draw directly here, but you can visualize the
structure based on the description below.

1. Structure:

(o)

Inlet and Outlet: The converter has an inlet where
exhaust gases enter and an outlet where cleaned gases
exit.

Substrate: Inside the converter is a substrate, often a
honeycomb or ceramic structure, coated with
catalytic materials.

Catalyst Coating: The substrate is coated with
platinum, palladium, and rhodium metals that act as
catalysts.

2. Operation:

(o)

Exhaust Gas Flow: Exhaust gases flow through the
substrate where they come into contact with the
catalyst.

Chemical Reactions: The catalysts facilitate the
chemical reactions that reduce emissions.

Cleaned Exhaust: The cleaned gases exit through
the outlet.




Oxydicmg _. T— , " COa2
Catalyst HiO

Detailed Explanation with Components

1. Inlet Pipe: Connects the catalytic converter to the engine’s
exhaust manifold.
2. Catalytic Core (Substrate):

o Honeycomb Structure: Provides a large surface area
for the reactions to take place. The honeycomb or
ceramic structure is coated with precious metals.

o Catalyst Coating: Contains platinum, palladium, and
rhodium, which are active in the reactions.

3. Outlet Pipe: Allows the processed gases to exit the catalytic
converter and flow through the rest of the exhaust system.
4. Heat Shield: Surrounds the catalytic converter to protect
other components from the heat generated during operation.
Advantages
e Reduces Harmful Emissions: Effectively reduces CO, HC,
and NOx emissions.
e Improves Air Quality: Helps in meeting regulatory
emission standards and improving air quality.
Disadvantages
e Cost: Catalytic converters can be expensive to replace due to
the precious metals used in their construction.
e Maintenance: Requires proper maintenance of the engine

and exhaust system to function effectively. Clogged or
damaged converters can lead to reduced performance and
increased emissions.

Briefly explain about supercharging. What are the advantages and
disadvantages of it?
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Supercharging

Supercharging is a method used to increase the power output of an
internal combustion engine by forcing more air into the combustion
chamber. This is achieved using a supercharger, a mechanical device
that compresses and delivers more air (and therefore more oxygen)
into the engine, allowing it to burn more fuel and produce more
power.

How Supercharging Works

1. Air Compression: The supercharger draws in air from the
atmosphere and compresses it, increasing the air density.

2. Increased Air Intake: The compressed air is then forced
into the engine’s combustion chamber.

3. Enhanced Combustion: With more air available, the engine
can burn more fuel, leading to increased power output.

Types of Superchargers

1. Roots Supercharger:
o Function: Uses two rotors to compress and push air
into the engine.
o Feature: Provides a high boost at lower engine
speeds.
2. Centrifugal Supercharger:
o Function: Uses a centrifugal force to compress air
using a spinning impeller.
o Feature: Delivers higher boost at higher engine
speeds.
3. Twin-Screw Supercharger:
o Function: Uses two interlocking screws to compress
air.
o Feature: Offers high efficiency and a compact
design.
4. Electric Supercharger:
o Function: Uses an electric motor to drive the
COmpressor.
o Feature: Provides boost without the power loss
associated with mechanical superchargers.

Advantages of Supercharging

1. Increased Power Output:




o Benefit: Significantly boosts engine power and
performance, allowing for higher acceleration and
speed.

2. Improved Engine Efficiency:

o Benefit: By increasing the air-fuel mixture,
supercharging can enhance engine efficiency,
especially at higher speeds.

3. Better Performance at High Altitudes:

o Benefit: Helps maintain engine performance at high

altitudes where the air density is lower.
4. Instant Power Delivery:

o Benefit: Provides immediate power increase without

the lag associated with turbochargers.

Disadvantages of Supercharging

1. Increased Engine Load:

o Issue: The supercharger draws power from the
engine’s crankshaft, which can increase the overall
load on the engine and reduce fuel efficiency.

2. Higher Fuel Consumption:

o Issue: Increased air and fuel intake can lead to higher
fuel consumption, potentially offsetting some of the
performance gains.

3. Heat Generation:

o Issue: Compressing air generates additional heat,
which can increase engine temperatures and require
effective cooling solutions.

4. Cost and Complexity:

o Issue: Installing a supercharger adds complexity to
the engine and can be costly, including the need for
additional maintenance and parts.

5. Potential Engine Wear:

o Issue: The increased pressure and power can put
additional stress on engine components, potentially
leading to higher wear and reduced engine lifespan if
not managed properly.

Discuss about Modern evaporative emission control system Lean
Burn Engines.

Modern Evaporative Emission Control Systems in Lean
Burn Engines

Lean burn engines operate with a lean air-fuel mixture, meaning
they use more air and less fuel compared to a stoichiometric mixture

Understand




(the ideal ratio for complete combustion). This approach improves
fuel efficiency and reduces CO2 emissions. However, it can increase
the formation of nitrogen oxides (NOx) and requires advanced
emission control technologies to manage evaporative emissions
effectively.

Here’s an overview of modern evaporative emission control systems
used in lean burn engines:

Key Components of Evaporative Emission Control
Systems

1. Evaporative Emission Control System (EECS):

o Function: Captures and stores fuel vapors that
evaporate from the fuel tank and fuel system. This
prevents these vapors from escaping into the
atmosphere and contributes to reducing hydrocarbon
(HC) emissions.

2. Charcoal Canister (Activated Carbon Canister):

o Function: Contains activated carbon that adsorbs fuel
vapors from the fuel tank and other parts of the fuel
system. The canister prevents vapors from entering
the atmosphere and stores them until they can be
purged and burned in the engine.

3. Purge Valve:

o Function: Controls the flow of fuel vapors from the
charcoal canister into the intake manifold. It opens to
allow the stored vapors to be drawn into the engine
and burned during combustion.

4. Fuel Tank Pressure Sensor:

o Function: Monitors the pressure inside the fuel tank
to detect any potential leaks or issues in the
evaporative emission control system.

5. Fuel Vapor Recovery System:

o Function: Includes components such as the vapor
recovery pipe and connections that ensure that fuel
vapors are properly routed to the charcoal canister
and subsequently purged into the engine.

Challenges with Lean Burn Engines and Emission
Control

1. Increased NOx Emissions:
o Challenge: Lean burn engines tend to produce higher
levels of NOx because the higher air-fuel ratio leads
to higher combustion temperatures.




o Solution: Advanced emission control technologies,
such as selective catalytic reduction (SCR) and lean
NOx traps (LNT), are used to reduce NOx emissions.

2. Evaporative Emissions:

o Challenge: Fuel vapors can still escape from the fuel
system, even with advanced control systems,
particularly during temperature changes and engine
operation.

o Solution: Modern EECS and canister designs are
optimized to minimize these emissions and improve
overall efficiency.

3. System Complexity:

o Challenge: The integration of various components
and sensors adds complexity to the vehicle’s emission
control system.

0 Solution: Advanced diagnostic systems, such as
on-board diagnostics (OBD), are employed to
monitor system performance and ensure compliance
with emission standards.

Advanced Technologies for Emission Control in Lean
Burn Engines

1. Lean NOx Trap (LNT):

o Function: Captures NOx emissions during lean
operation and periodically regenerates by running the
engine in a rich mode to convert the stored NOx into
nitrogen and oxygen.

2. Selective Catalytic Reduction (SCR):

o Function: Uses a urea-based additive (AdBlue) to
reduce NOx emissions. The additive reacts with NOx
in the exhaust to form nitrogen and water.

3. Dual-Layer Catalysts:

o Function: Combines different catalyst materials to
handle both HC and NOx emissions effectively,
improving overall emission performance.

4. Advanced Engine Management Systems:

o Function: Optimize engine parameters such as
air-fuel ratio, ignition timing, and boost pressure to
reduce emissions while maintaining performance.

Explain catalytic converters & How are they help full in reducing
HC,CO and NOx emissions?
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Catalytic Converters

A catalytic converter is an emission control device used in the
exhaust system of internal combustion engines. Its primary purpose
is to reduce the levels of harmful pollutants—specifically
hydrocarbons (HC), carbon monoxide (CO), and nitrogen oxides
(NOx)—before they are released into the atmosphere.

How Catalytic Converters Work

Catalytic converters facilitate chemical reactions that convert
harmful emissions into less harmful substances. They contain a
substrate coated with catalytic materials that enable these reactions.
Here's a breakdown of their operation:

1. Catalytic Materials:

o Platinum (Pt), Palladium (Pd), and Rhodium (Rh)
are used as catalysts. These metals are effective in
facilitating the necessary chemical reactions without
being consumed in the process.

2. Substrate:

o The substrate inside the catalytic converter provides a
large surface area for the reactions. It is usually made
of ceramic or metal in a honeycomb or metallic mesh
structure.

3. Chemical Reactions:

o The catalyst promotes reactions that transform
pollutants into less harmful substances. These
reactions occur at high temperatures as the exhaust
gases pass through the converter.

Reduction of Pollutants

1. Hydrocarbons (HC):

0 Problem: HC emissions are unburned or partially
burned fuel that escapes from the combustion
process.

o Conversion: Hydrocarbons are converted into
carbon dioxide (CO2) and water (H20).

o Reaction: CxHy+02—CO2+H20C xH y+ O 2
\rightarrow CO_2 + H 20CxHy+02—CO02+H20

2. Carbon Monoxide (CO):

o Problem: CO is a colorless, odorless gas that results

from incomplete combustion of fuel.




o Conversion: Carbon monoxide is converted into
carbon dioxide (CO2).

o Reaction: 2CO+02—2C022CO + O_2 \rightarrow
2C0O _22C0+02—2C02

3. Nitrogen Oxides (NOx):

o Problem: NOx gases are produced from
high-temperature combustion processes and
contribute to smog and acid rain.

o Conversion: Nitrogen oxides are reduced to nitrogen
(N2) and oxygen (02).

o Reaction: 2NO—N2+022NO \rightarrow N 2 +
O _22NO—N2+02

Types of Catalytic Converters

1. Three-Way Catalytic Converter:
o Function: Handles CO, HC, and NOx
simultaneously.
o Components:
* Reduction Catalyst: Reduces NOx into N2
and O2.
= Oxidation Catalyst: Converts CO and HC
into CO2 and H20.
2. Selective Catalytic Reduction (SCR):
o Function: Specifically targets NOx reduction using a
urea-based additive (AdBlue).
o Reaction: 4NO+4NH3+02—4N2+6H204NO +
4NH 3 + O _2 \rightarrow 4N _2 +
6H 204NO+4NH3+02—4N2+6H20
3. Diesel Oxidation Catalyst (DOC):
o Function: Primarily used in diesel engines to oxidize
CO and HC.
o Reaction: CO+02—CO2CO + O_2 \rightarrow
CO 2CO+02—CO02
o HC Conversion: HC+O2—CO2+H20HC + O _2
\rightarrow CO_2 + H 20HC+02—CO0O2+H20

Benefits of Catalytic Converters

1. Reduction in Pollutants:
o Effectiveness: Significantly reduces HC, CO, and
NOx emissions, leading to cleaner exhaust gases.
2. Environmental Protection:
o Impact: Helps in reducing the environmental impact
of vehicles by lowering emissions that contribute to
air pollution, smog, and acid rain.




3. Regulatory Compliance:
o Requirement: Meets stringent emissions regulations
and standards set by environmental authorities.
4. Improved Air Quality:
o Benefit: Contributes to better air quality and public
health by minimizing the release of harmful
pollutants.

Limitations

1. Cost:

o Expense: Catalytic converters can be expensive to
replace due to the precious metals used in their
construction.

2. Performance Impact:

o Potential: May cause a slight reduction in engine

performance due to increased exhaust backpressure.
3. Maintenance:

o Care: Requires proper maintenance and monitoring
to ensure it operates efficiently and does not become
clogged or damaged.

UNIT S5: ALTERNATE FULES

Introduction to alternate fuels-biofuels, thermochemical and biochemical conversion, Vegetable
oils and Biodiesel, Ethanol, LPG, Natural gas, Hydrogen-Production and Utilization perspective.

Part A ( 2 marks)
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1 | Write the advantage and disadvantage of alcohol as a 1 Remember

fuel.
Advantages and Disadvantages of Alcohol as a Fuel
Advantages:

1. Renewable Resource: Alcohol can be produced from
biomass, making it a renewable energy source.




2. Cleaner Combustion: Produces fewer harmful emissions
compared to gasoline, including lower NOx and particulate
matter.

Disadvantages:

1. Lower Energy Density: Alcohol fuels have a lower energy
content per unit volume than gasoline, leading to lower fuel
economy.

2. Corrosive Nature: Alcohols can be corrosive to certain
materials used in fuel systems and engines, requiring
modifications.

Write the sources for methanol?
Sources for Methanol

e Natural Gas: The primary feedstock for methanol
production through steam methane reforming.

e Coal: Methanol can be produced from coal via gasification.

e Biomass: Methanol can be derived from the gasification of
biomass.

e (CO2 and Hydrogen: Methanol can be synthesized from
carbon dioxide and hydrogen through catalytic processes.

Understand

Define Biogas properties.
Biogas Properties

e Composition: Mainly composed of methane (CH4) and
carbon dioxide (CO2), with trace amounts of hydrogen
sulfide (H2S), moisture, and other gases.

e Calorific Value: Approximately 20-25 MJ/m?, depending on
the methane content.

e Density: Typically around 1.2 kg/m?>.

Combustion Characteristics: Burns cleanly with low emissions of
particulates and NOx

Remember

List the advantages of hydrogen as an IC engine fuel.

Advantages of Hydrogen as an IC Engine Fuel
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e Zero Emissions: Produces only water vapor as a byproduct,
resulting in zero CO2 and pollutant emissions.

e High Energy Density: Hydrogen has a high energy content
per unit mass.

e Renewable: Can be produced from water through
electrolysis using renewable energy sources.

e Clean Combustion: Results in lower NOx emissions
compared to hydrocarbon fuels.

List the advantages and disadvantages of natural Remember
Gas.

Advantages and Disadvantages of Natural Gas

Advantages:

1. Lower Emissions: Produces fewer pollutants compared to
gasoline and diesel.

2. Abundant Supply: Widely available with large reserves.

3. Cost-Effective: Often cheaper than gasoline and diesel.

4. High Octane Rating: Allows for higher compression ratios
and improved engine efficiency.

Disadvantages:

1. Storage and Distribution: Requires high-pressure storage
and special refueling infrastructure.

2. Lower Energy Density: Provides less energy per unit
volume compared to liquid fuels.

3. Engine Modifications: Engines may require modifications
to run on natural gas.

4. Methane Leakage: Methane is a potent greenhouse gas, and
leaks during extraction and distribution can negate some
environmental benefits.

Write about LPG & LNG used in automobiles engine. Remember

LPG & LNG Used in Automobiles Engine

LPG (Liquefied Petroleum Gas): A mixture of propane and butane
used as an alternative fuel for internal combustion engines. It is
stored under pressure in liquid form and vaporizes when released for
use.




LNG (Liquefied Natural Gas): Natural gas that has been cooled to
a liquid state at about -162°C. Used primarily in heavy-duty vehicles
due to its high energy density and cleaner combustion compared to
diesel.

What are the advantages of LPG? Remember
Advantages of LPG
1. Lower Emissions: Produces fewer pollutants and
greenhouse gases compared to gasoline and diesel.
2. Cost-Effective: Often cheaper than traditional fuels.
3. High Octane Rating: Provides better anti-knock properties.
4. Availability: Widely available with established
infrastructure.
Write the disadvantages of LPG? Remember
Disadvantages of LPG
1. Storage: Requires pressurized tanks for storage, which can
be bulky.
2. Energy Density: Lower energy content per unit volume
compared to gasoline.
3. Infrastructure: Limited refueling infrastructure in some
areas.
4. Engine Compatibility: Engines may require modifications
to run efficiently on LPG.
Compare the petrol and LPG? Remember

Compare Petrol and LPG
Petrol:

Higher energy density.

Widely available with extensive refueling infrastructure.
Higher emissions of CO2 and pollutants.

Typically higher running costs.

LPG:

e Lower emissions and cleaner combustion.
e [ ower fuel cost.




e Requires pressurized storage tanks.
e Slightly lower energy density, resulting in higher
consumption.

10

List out the benefits of natural gas?
Benefits of Natural Gas

1. Lower Emissions: Produces fewer pollutants and
greenhouse gases.

2. Cost Savings: Often cheaper than gasoline and diesel.

3. Abundant Supply: Large reserves and widespread
availability.

4. High Octane Rating: Suitable for high-efficiency engines.

Understand
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What is dual fuel operation?
Dual Fuel Operation

Dual fuel operation involves using two different fuels
simultaneously or alternately in an engine, commonly a combination
of a primary fuel (like diesel) and a secondary fuel (like natural gas
or hydrogen). This approach aims to enhance fuel efficiency, reduce
emissions, and provide operational flexibility.

Remember
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Define miscellaneous properties of SI engine fuels.
Miscellaneous Properties of SI Engine Fuels

e Volatility: Ability to vaporize and mix with air for efficient
combustion.

e Octane Rating: Resistance to knocking and pre-ignition.

e Energy Content: Amount of energy released per unit
volume or mass.

e Combustion Temperature: Temperature at which the fuel
burns.

e Stoichiometric Air-Fuel Ratio: The ideal ratio of air to fuel
for complete combustion.

Remember
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Define Biodiesel properties.
Biodiesel Properties

e Composition: Made from vegetable oils or animal fats
through transesterification.

Remember




e Renewable: Derived from biological sources.

e Biodegradable: Breaks down naturally in the environment.

e Lower Emissions: Produces fewer pollutants compared to
petroleum diesel.

e Lubricity: Provides better lubrication, reducing engine wear.

14 | Define biochemical conversion. 1 Remember
Biochemical Conversion
Biochemical conversion involves using biological processes, such as
anaerobic digestion or fermentation, to convert organic materials
(like biomass) into energy-rich fuels or chemicals, such as biogas or
ethanol.
15 | Define thermo chemical. 1 Remember
Thermochemical Conversion
Thermochemical conversion involves using heat and chemical
processes, such as gasification, pyrolysis, or combustion, to convert
organic materials into energy-rich fuels or chemicals, like syngas or
bio-oil.
Part B (16 marks)
Q.N Question BT | Competen
o Leve ce’
l'k
1 | Explain the need of alternate fuels in the field of automobiles with 1 Remember

valid points.

The need for alternate fuels in the field of automobiles is driven by
several critical factors that address environmental, economic, and
energy security concerns. Here are the key points:

Environmental Concerns

1. Reduction of Greenhouse Gas Emissions: Alternate fuels
like electricity, hydrogen, and biofuels generally produce
fewer greenhouse gases compared to conventional fossil
fuels. This helps mitigate climate change.

2. Lower Pollutant Emissions: Many alternate fuels produce
fewer harmful pollutants such as NOx, SOx, particulate




matter, and volatile organic compounds, contributing to
improved air quality and public health.

Economic Factors

Fuel Cost Savings: Some alternate fuels, such as natural gas
and electricity, can be cheaper than gasoline and diesel,
leading to cost savings for consumers and businesses.

Price Stability: Alternate fuels can help stabilize fuel prices
as they are often less affected by geopolitical events that
cause fluctuations in oil prices.

Energy Security

1.

Diversification of Energy Sources: Using a variety of fuels
reduces dependence on any single energy source, enhancing
energy security and reducing vulnerability to supply
disruptions.

Domestic Production: Many alternate fuels, like biofuels
and electricity, can be produced domestically, reducing
reliance on imported oil and enhancing national energy
independence.

Technological Advancements

1.

Improved Engine Efficiency: Alternate fuels can enhance
engine performance and efficiency. For example, hydrogen
fuel cells and electric motors are more efficient than internal
combustion engines.

Innovations in Vehicle Design: The shift to alternate fuels
has spurred innovations in vehicle design and technology,
such as electric drivetrains, lightweight materials, and
advanced battery systems.

Resource Sustainability

1.

Renewable Resources: Many alternate fuels are derived
from renewable resources, such as solar, wind, and biomass,
ensuring a sustainable supply in the long term.

Waste Utilization: Biofuels and biogas can be produced
from agricultural waste, municipal waste, and other organic
materials, turning waste into valuable energy resources.

Regulatory and Policy Drivers




1. Government Incentives: Many governments offer
incentives such as tax credits, rebates, and subsidies to
promote the adoption of alternate fuels and reduce the
overall environmental impact.

2. Emissions Regulations: Stricter emissions regulations and
standards are pushing manufacturers to develop and adopt
cleaner technologies and fuels.

Global Trends

1. Paris Agreement: International commitments to reduce
carbon emissions and combat climate change are driving the
adoption of alternate fuels worldwide.

2. Public Awareness: Increasing public awareness of
environmental issues and the benefits of alternate fuels is
driving demand for cleaner, sustainable transportation
options.

Resilience to Market Changes

1. Resilience to Oil Market Volatility: By diversifying the fuel
mix, economies can become more resilient to oil market
volatility and potential crises.

2. Sustainable Economic Growth: Developing and investing
in alternate fuels can drive sustainable economic growth by
creating new industries and job opportunities.

In summary, the shift towards alternate fuels in the automotive
sector is essential for addressing environmental challenges,
achieving economic benefits, enhancing energy security, fostering
technological innovation, and ensuring sustainable resource use.

Briefly explain about thermo chemical and biochemical conversion.
Thermochemical Conversion

Thermochemical conversion involves the use of heat and chemical
processes to transform organic materials (such as biomass) into
energy-rich fuels and chemicals. Key processes include:

1. Gasification:

o Process: Converts organic materials into syngas (a
mixture of carbon monoxide, hydrogen, and carbon
dioxide) by reacting the material at high temperatures
with a controlled amount of oxygen or steam.
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o Products: Syngas can be used to produce electricity,

heat, hydrogen, or synthetic fuels.
2. Pyrolysis:

o Process: Decomposes organic materials at high
temperatures in the absence of oxygen to produce
bio-oil, syngas, and char.

o Products: Bio-oil can be refined into biofuels, syngas
can be used for energy, and char can be used as a soil
amendment.

3. Combustion:

o Process: Burns organic materials in the presence of
oxygen to produce heat, which can be used to
generate electricity.

o Products: Primarily heat, along with carbon dioxide
and water vapor.

4. Liquefaction:

o Process: Converts biomass into liquid biofuels at
high pressure and moderate temperatures, often using
a solvent.

o Products: Bio-crude oil that can be refined into
various fuels.

Biochemical Conversion

Biochemical conversion uses biological processes to break down
organic materials into simpler substances and convert them into
energy-rich fuels and chemicals. Key processes include:

1. Anaerobic Digestion:

o Process: Microorganisms break down organic
materials in the absence of oxygen to produce biogas
(mainly methane and carbon dioxide) and digestate (a
nutrient-rich residue).

o Products: Biogas can be used for heating, electricity
generation, or as a vehicle fuel. Digestate can be used
as fertilizer.

2. Fermentation:

o Process: Microorganisms (yeasts or bacteria) convert
sugars and starches in biomass into ethanol or other
alcohols.

o Products: Ethanol can be used as a biofuel for
vehicles or as an industrial chemical. Other alcohols
and by-products can be used in various applications.

3. Enzymatic Hydrolysis:

o Process: Enzymes break down complex

carbohydrates (cellulose and hemicellulose) in




biomass into simple sugars, which can then be
fermented into biofuels like ethanol.

o Products: Simple sugars for fermentation, leading to
biofuels or other biochemical products.

4. Composting:

o Process: Microorganisms decompose organic matter
aerobically to produce compost, which can be used as
a soil conditioner.

o Products: Compost, which enhances soil health and
fertility.

Both thermochemical and biochemical conversion processes play
crucial roles in transforming biomass into usable energy and
products, contributing to renewable energy production and waste
management.

Explain the reasons for looking for alternate fuels for IC engines.

The search for alternate fuels for internal combustion (IC) engines is
driven by several important reasons, each addressing specific
challenges and opportunities related to energy, environment,
economy, and technology. Here are the key reasons:

Environmental Concerns

1. Reduction of Greenhouse Gas Emissions:

o Conventional fossil fuels (gasoline and diesel) are
major sources of CO2, a greenhouse gas contributing
to climate change.

o Alternate fuels like biofuels, hydrogen, and electricity
from renewable sources can significantly reduce
carbon footprints.

2. Lower Pollutant Emissions:

o IC engines running on gasoline and diesel emit
pollutants like NOx, SOx, particulate matter, and
volatile organic compounds (VOCs), contributing to
air pollution and health issues.

o Alternate fuels such as natural gas, LPG, and biofuels
produce fewer pollutants, leading to cleaner air and
improved public health.

Economic Factors

1. Fuel Cost Savings:
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o Some alternate fuels, such as natural gas and
electricity, can be more cost-effective compared to
traditional fuels, leading to operational savings for
consumers and businesses.

2. Price Stability:

o Alternate fuels can help stabilize fuel prices, as they
are often less susceptible to geopolitical events that
cause fluctuations in oil prices.

Energy Security

1. Diversification of Energy Sources:

o Relying on a variety of energy sources reduces
dependence on any single fuel, enhancing energy
security and reducing vulnerability to supply
disruptions.

2. Domestic Production:

o Many alternate fuels, like biofuels, electricity, and
hydrogen, can be produced domestically, reducing
reliance on imported oil and enhancing national
energy independence.

Technological Advancements

1. Improved Engine Efficiency:

o Alternate fuels can enhance engine performance and
efficiency. For example, hydrogen fuel cells and
electric drivetrains are more efficient than traditional
internal combustion engines.

2. Innovations in Vehicle Design:

o The shift to alternate fuels has spurred innovations in
vehicle design and technology, such as lightweight
materials, advanced battery systems, and new engine
architectures.

Resource Sustainability

1. Renewable Resources:
o Many alternate fuels are derived from renewable
resources, such as solar, wind, and biomass, ensuring
a sustainable supply in the long term.
2. Waste Utilization:
o Biofuels and biogas can be produced from
agricultural waste, municipal waste, and other




organic materials, turning waste into valuable energy
resources.

Regulatory and Policy Drivers

1. Government Incentives:

o Many governments offer incentives such as tax
credits, rebates, and subsidies to promote the
adoption of alternate fuels and reduce the overall
environmental impact.

2. Emissions Regulations:

o Stricter emissions regulations and standards are
pushing manufacturers to develop and adopt cleaner
technologies and fuels.

Global Trends

1. Paris Agreement:

o International commitments to reduce carbon
emissions and combat climate change are driving the
adoption of alternate fuels worldwide.

2. Public Awareness:

o Increasing public awareness of environmental issues
and the benefits of alternate fuels is driving demand
for cleaner, sustainable transportation options.

Resilience to Market Changes

1. Resilience to Oil Market Volatility:

o By diversifying the fuel mix, economies can become
more resilient to oil market volatility and potential
crises.

2. Sustainable Economic Growth:

o Developing and investing in alternate fuels can drive
sustainable economic growth by creating new
industries and job opportunities.

What are the advantages and disadvantages of  using hydrogen in
SI engine?

Advantages of Using Hydrogen in SI (Spark Ignition)
Engines

1. Zero Carbon Emissions:
o Benefit: When hydrogen is burned, it produces only
water vapor as a byproduct, eliminating carbon
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dioxide emissions and contributing to climate change
mitigation.
2. High Energy Density:

o Benefit: Hydrogen has a high energy content per unit
mass, which can potentially lead to higher efficiency
and performance compared to traditional fuels.

3. Renewable Source:

o Benefit: Hydrogen can be produced from renewable
energy sources such as solar, wind, and hydropower
through electrolysis, making it a sustainable fuel
option.

4. Cleaner Combustion:

o Benefit: Hydrogen combustion produces fewer
pollutants like NOx and particulate matter compared
to gasoline and diesel, leading to improved air
quality.

5. Wide Range of Operating Conditions:

o Benefit: Hydrogen can be used efficiently across a
wide range of engine operating conditions due to its
high flame speed and wide flammability range.

6. Energy Security:

o Benefit: Hydrogen can be produced domestically
from various resources, reducing dependence on
imported oil and enhancing national energy security.

Disadvantages of Using Hydrogen in SI Engines

1. Storage and Distribution Challenges:

o Issue: Hydrogen has a low energy density by volume,
requiring high-pressure or cryogenic storage, which
complicates infrastructure and vehicle design.

2. Hydrogen Embrittlement:

o Issue: Hydrogen can cause embrittlement of metals,
leading to potential durability and safety concerns in
engine components and storage systems.

3. Production Costs:

o Issue: Current methods of hydrogen production,
especially from renewable sources, can be expensive
compared to conventional fuels, posing economic
challenges.

4. NOx Emissions:

o Issue: While hydrogen combustion produces fewer
overall pollutants, high combustion temperatures can
still lead to the formation of nitrogen oxides (NOx),
which are harmful pollutants.

5. Infrastructure Development:




o Issue: A significant investment is required to develop
a widespread hydrogen refueling infrastructure,
which is currently limited compared to gasoline and
diesel networks.

6. Fuel Handling and Safety:

o Issue: Hydrogen is highly flammable and has a wide
flammability range, requiring stringent safety
measures for storage, handling, and refueling to
prevent accidents.

7. Engine Modifications:

o Issue: Existing SI engines require modifications to
run efficiently on hydrogen, including changes to the
fuel delivery system, ignition system, and materials
to handle hydrogen’s properties.

Briefly explain about the Natural gas and Hydrogen & what are the
advantages and disadvantages of it?

Natural Gas

Natural gas is a fossil fuel composed mainly of methane (CH4) and
is used as an energy source for heating, electricity generation, and as
a fuel for vehicles.

Advantages of Natural Gas

1. Lower Emissions:
o Produces fewer greenhouse gases and pollutants such as
NOx, SOx, and particulate matter compared to gasoline
and diesel.
2. Cost-Effective:
o Often cheaper than conventional fuels, providing cost
savings for consumers and businesses.
3. Abundant Supply:
o Widely available with extensive reserves, ensuring a
reliable supply.
4. High Octane Rating:
o Offers better anti-knock properties, allowing for higher
compression ratios and improved engine efficiency.
5. Infrastructure:
o Established distribution network in many regions, making
it accessible for various applications.
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Disadvantages of Natural Gas

1. Storage and Distribution:

o Requires high-pressure storage and specialized refueling

infrastructure, which can be costly and complex.
2. Lower Energy Density:

o Provides less energy per unit volume compared to liquid

fuels, leading to higher fuel consumption.
3. Methane Leakage:

o Methane is a potent greenhouse gas, and leaks during
extraction, distribution, and use can negate some
environmental benefits.

4. Engine Modifications:

o Vehicles may need modifications to run on natural gas,
including changes to the fuel system and engine
components.

5. Non-Renewable:

o Despite being cleaner than other fossil fuels, natural gas is

still a non-renewable resource with finite reserves.

Hydrogen

Hydrogen is a clean fuel that, when used in a fuel cell or
combusted, produces only water as a byproduct. It can be produced
from various sources, including natural gas, water (via electrolysis),
and biomass.

Advantages of Hydrogen

1. Zero Carbon Emissions:
o Produces only water vapor when used, eliminating CO2
emissions.
2. High Energy Density:
o High energy content per unit mass can lead to higher
efficiency and performance.
3. Renewable Production:
o Can be produced from renewable energy sources, making
it a sustainable option.
4. Cleaner Combustion:
o Generates fewer pollutants like NOx and particulate
matter, improving air quality.
5. Energy Security:
o Can be produced domestically from various resources,
reducing dependence on imported oil.




Disadvantages of Hydrogen

1. Storage and Distribution Challenges:

o Low energy density by volume requires high-pressure or
cryogenic storage, complicating infrastructure and vehicle
design.

2. Hydrogen Embrittlement:

o Can cause embrittlement of metals, leading to potential

durability and safety concerns.
3. Production Costs:

o Current production methods, especially from renewable
sources, can be expensive compared to conventional
fuels.

4. NOx Emissions:

o High combustion temperatures can still lead to the
formation of nitrogen oxides (NOx), which are harmful
pollutants.

5. Infrastructure Development:

o Significant investment is required to develop a

widespread hydrogen refueling infrastructure.
6. Fuel Handling and Safety:

o Highly flammable with a wide flammability range,
requiring stringent safety measures for storage, handling,
and refueling.

7. Engine Modifications:

o Existing engines require modifications to run efficiently on
hydrogen, including changes to the fuel delivery system,
ignition system, and materials to handle hydrogen’s
properties.

Explain alcohols as alternate fuels for IC engines bringing out their
merits and demerits.

Alcohols as Alternative Fuels for IC Engines

Alcohols such as methanol and ethanol are being considered as
alternative fuels for internal combustion (IC) engines due to their
potential environmental and performance benefits. Here's a detailed
look at their merits and demerits:

Merits of Alcohols as Fuels

1. Renewable Resource:
o Benefit: Alcohols can be produced from renewable
sources like biomass, agricultural waste, and even
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municipal solid waste, reducing reliance on fossil
fuels.
2. Cleaner Combustion:

o Benefit: Alcohols burn more cleanly than gasoline or
diesel, producing fewer harmful emissions such as
carbon monoxide (CO), nitrogen oxides (NOx), and
particulate matter (PM).

3. Higher Octane Rating:

o Benefit: Alcohols have higher octane numbers
compared to gasoline, which helps in reducing engine
knocking and allows for higher compression ratios,
improving engine efficiency and performance.

4. Biodegradability:

o Benefit: Alcohols are biodegradable and less toxic
than gasoline or diesel, posing less risk to the
environment in the event of spills.

5. Reduction in Greenhouse Gas Emissions:

o Benefit: Using alcohols can reduce the net emissions
of CO2, especially if produced from renewable
resources, contributing to the mitigation of climate
change.

6. Cooling Effect:

o Benefit: Alcohol fuels have a higher latent heat of
vaporization, which can help cool the intake charge
and improve volumetric efficiency.

Demerits of Alcohols as Fuels

1. Lower Energy Density:

o Issue: Alcohols have lower energy content per unit
volume than gasoline or diesel, resulting in lower fuel
economy and higher consumption rates.

2. Corrosiveness:

o Issue: Alcohols can be corrosive to certain materials
used in fuel systems, such as aluminum and some
plastics, necessitating modifications and the use of
compatible materials.

3. Water Absorption:

o Issue: Alcohols are hygroscopic, meaning they
absorb water from the atmosphere, which can lead to
fuel contamination and phase separation, potentially
causing engine performance issues.

4. Production Costs:

o Issue: Producing alcohols, especially from non-food

biomass, can be expensive and may require




significant energy inputs, impacting the overall
economic viability.
5. Infrastructure and Compatibility:

o Issue: Existing fuel infrastructure may need
modifications to handle alcohol fuels, including
storage, distribution, and dispensing systems.
Additionally, engines may need adjustments or
redesigns to run efficiently on alcohols.

6. Cold Start Issues:

o Issue: Alcohols, particularly methanol, can cause
difficulties in cold starting due to their lower vapor
pressures at low temperatures.

7. Limited Availability:

o Issue: The widespread availability of alcohol fuels is
still limited compared to conventional fuels,
impacting their immediate adoption and use.

Discuss about LPG as fuel in vehicles & what are the advantages
and disadvantages of it?

LPG (Liquefied Petroleum Gas) as a Vehicle Fuel

Liquefied Petroleum Gas (LPG) is a mixture of propane (C3Hsg)
and butane (C,H1o) that is used as an alternative fuel for vehicles. It
is stored in liquid form under pressure in tanks and vaporized for use
in internal combustion engines.

Advantages of LPG as a Fuel

1. Lower Emissions:

o Benefit: LPG combustion produces fewer pollutants
compared to gasoline and diesel, including reduced
carbon monoxide (CO), nitrogen oxides (NOx), and
particulate matter. It also emits less carbon dioxide
(CO2), making it a cleaner option.

2. Cost-Effective:

o Benefit: LPG is generally cheaper than gasoline or
diesel, leading to lower fuel costs for consumers. The
price stability of LPG can also be advantageous
compared to volatile oil markets.

3. High Octane Rating:

o Benefit: LPG has a higher octane rating than
gasoline, which can lead to improved engine
performance and efficiency due to reduced knocking
and the ability to run at higher compression ratios.

4. Reduced Engine Wear:
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o Benefit: LPG burns cleaner than gasoline, resulting
in less carbon build-up and reduced engine wear. This
can lead to longer engine life and reduced
maintenance costs.

5. Infrastructure:

o Benefit: LPG infrastructure, including refueling
stations, is well-established in many regions, making
it accessible for a significant number of vehicles.

6. Safety:

o Benefit: LPG is stored in tanks designed with
multiple safety features to prevent leaks and ensure
safe handling. The fuel’s properties make it less
likely to cause dangerous vapor leaks compared to
some other fuels.

Disadvantages of LPG as a Fuel

1. Lower Energy Density:

o Issue: LPG has a lower energy density compared to
gasoline and diesel, which results in lower fuel
economy and reduced driving range per unit volume.

2. Storage Space:

o Issue: LPG requires larger storage tanks compared to
gasoline, which can take up more space in the vehicle
and potentially reduce cargo capacity or interior
space.

3. Limited Availability:

o Issue: While LPG infrastructure is well-developed in
some regions, it is still limited in others. This can
impact the convenience of refueling, especially in
areas with fewer LPG stations.

4. Engine Conversion Costs:

o Issue: Converting a vehicle to run on LPG requires
modifications to the fuel system and engine, which
can involve additional costs and may affect the
vehicle’s warranty.

5. Lower Power Output:

o Issue: Vehicles running on LPG may experience a
slight reduction in power output compared to when
running on gasoline, which can affect performance.

6. Environmental Impact of Production:

o Issue: While LPG is cleaner than gasoline and diesel,
it is still a fossil fuel. The production and extraction
processes contribute to greenhouse gas emissions and
environmental impact.

7. _Cold Weather Performance:




o Issue: In very cold climates, LPG can have issues
with vaporization, which can affect engine starting
and performance.

Briefly explain about Production and Utilization perspective.
Production Perspective

Production perspective refers to the processes and considerations
involved in the creation and supply of a fuel or energy source. This
includes:

1. Raw Material Sourcing:

o Consideration: Identifying and obtaining the raw
materials needed for fuel production, such as crude
oil for gasoline, natural gas for LNG, or biomass for
biofuels.

2. Processing and Refinement:

o Consideration: The methods used to convert raw
materials into usable fuel. For instance, crude oil is
refined into gasoline and diesel, while biomass is
processed into biofuels or biogas.

3. Technology and Infrastructure:

o Consideration: The technologies and infrastructure
required for production, including refineries,
distilleries, and processing plants. This also involves
investment in technology to improve efficiency and
reduce costs.

4. Cost Factors:

o Consideration: The costs associated with production,
including raw materials, labor, energy, and
maintenance. Production costs can influence fuel
prices and economic feasibility.

5. Environmental Impact:

o Consideration: The environmental effects of
production processes, such as emissions, waste
generation, and resource depletion. Sustainable
production methods aim to minimize negative
impacts.

6. Regulations and Standards:

o Consideration: Compliance with regulations and
industry standards related to safety, quality, and
environmental protection. This includes adhering to
legal requirements and industry best practices.

Apply




Utilization Perspective

Utilization perspective focuses on how a fuel or energy source is
used, including:

1. Efficiency and Performance:

o Consideration: The efficiency of energy conversion
and performance in end-use applications, such as
engines, power plants, or industrial processes. Higher
efficiency means better energy utilization and
reduced waste.

2. Infrastructure and Distribution:

o Consideration: The infrastructure required for
distributing and delivering fuel to end users,
including pipelines, storage facilities, and refueling
stations. Effective distribution networks are crucial
for accessibility.

3. Economic Viability:

o Consideration: The economic aspects of fuel
utilization, including fuel costs, maintenance, and
operational efficiency. Economic viability affects the
adoption and competitiveness of the fuel.

4. Environmental Impact:

o Consideration: The environmental effects of fuel
use, such as emissions, waste, and resource
consumption. The goal is to minimize negative
environmental impacts through cleaner technologies
and practices.

5. Safety and Reliability:

o Consideration: Ensuring safe and reliable operation
of equipment and infrastructure using the fuel. This
includes managing risks, adhering to safety standards,
and ensuring fuel quality.

6. End-User Acceptance:

o Consideration: The acceptance and adoption of the
fuel by consumers and industries. Factors influencing
acceptance include performance, cost, availability,
and environmental benefits.
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