MODULE 3
HEAT ENGINES

A Heat engine is a thermal prime mover that converts the chemical energy of a fuel in
to heat energy by combustion of fuel and utilizes this energy to perform mechanical work.
Heat engines are broadly classified into two categories
1) External Combustion Engines (E.C. Engines): In these engines, combustion of fuel
takes place outside the engine cylinder. Ex: Steam engines, Steam turbines, closed cycle gas
engine, etc. The EC engines are mainly used for large electric power generators.

2) Internal Combustion Engines (I.C. Engines): In IC Engines, the combustion of fuel
takes place inside the engine cylinder. Ex: Petrol Engines, Diesel Engines, Gas
Engines, etc. IC Engines are mainly used for transport vehicles.
Classification of I C Engines

i) According to the type of fuel used

1. Petrol Engines

2. Diesel Engines

3. Gas engines

ii) According to the number of strokes per cycle

1. Four stroke engine

2. Two stroke engine

iii) According to the method of ignition

1. Spark Ignition engine

2. Compression Ignition engine

iv) According to the cycle of working

1. Otto Cycle engine (Constant Volume cycle engine)

2. Diesel Cycle engine (Constant Pressure cycle engine)

3. Dual Combustion cycle engine

v) According to the number of cylinders

1. Single cylinder engine

2. Multi cylinder engine

vi) According to the method of cooling

1. Air cooled engine

2. Water cooled engine



» TECHNICAL TERMS RELATED TO I C ENGINES:

1. Bore: It is the inside diameter of engine cylinder

2. Top Dead Center (TDC): The extreme position of the piston nearer to the

cylinder head is known as TDC.

3. Bottom Dead Center (BDC): The extreme position of the piston nearer to the

Crank Shaft is known as TDC.

4. Stroke: It is the linear distance traveled by the piston from TDC to BDC or from BDC
to TDC.

5. Swept Volume (Vs): It is the Volume swept by the piston as it moves between TDC and
BDC.

6. Clearance Volume(Vc): It is volume of the cylinder above the top of the piston when

piston is at TDC.
7. Compression Ratio: It is ratio of the total cylinder volume to the clearance volume

Compression Ratio=Vs + Vc/ Ve

8. Piston Speed: The average linear speed of the piston is called piston speed and is given

by S =2 LN where L- stroke in m and N —speed of the engine in rpm.
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Fig 2.1: Terminologies of IC engines



» PRINCIPAL PARTS OF AN IC ENGINE:

Spark Plug or Fuel Injector

Inlet Valve Exhaust Valve

Cylinder Head

T.D.C
Cylinder

2

S

= Piston Ring

o

Piston

B.D.c_Y_

Connecting Rod

Crank Case

Crank

Fig 2.2: Parts of a IC engine

1) Cylinder: The heart of the engine is the cylinder in which the fuel is burnt and the power
is generated. Its function is to contain the working fluid under pressure and to guide the
piston while reciprocating inside the cylinder.

The cylinder is usually made of Grey Cast Iron or steel alloys in order to withstand the high

pressure and temperature during combustion.

2) Cylinder Head: The top end of the cylinder is closed by a removable cylinder head. The
cylinder head consists of two valves i.e. inlet and outlet valves. It is usually made of Cast iron
or alloys of cast iron

3) Piston: It is close fitting hollow cylindrical plunger moving to and fro in the cylinder. The
main function of the piston is to compress the charge during compression stroke and to receive

the impulse produced by the combustion of the fuel and to transmit the energy to the crankshaft.

4) Piston rings: These are the metallic rings inserted into the circumferential grooves
provided at the top end of the piston. These rings maintain a gas tight joint between the piston
and cylinder while the piston is reciprocating in the cylinder.

They are two sets of piston rings. One set is called compression rings which press hard against
the cylinder walls forming a tight seal between piston and the cylinder. This prevents the high
pressure gases from escaping into the crankcase. Another set of rings called oil rings which are
used to extract the lubricating oil from the cylinder walls and to send it back to the oil sump

through holes provided in the piston.



S) Connecting rod: It forms a link between piston and the crankshaft. It converts the linear

motion of the piston into rotary motion of the crankshaft.

6) Crank and crankshaft: The crank is a lever that is connected to the end of the connecting
rod by a pin joint with its other end connected rigidly to a shaft called crankshaft. It rotates
about the axis of the crankshaft and causes the connecting rod to oscillate. The power

required for any useful purpose is taken from the crankshaft.

7) Fly wheel: It is heavy wheel mounted on the crankshaft of the engine to maintain uniform
rotation of the crankshaft. It is used as an energy saving device. It stores energy received during

power stroke and supplies the same during other strokes.

8) Crank case: It is lower part of the engine serving as an enclosure for the crankshaft and

also as a sump for the lubricating oil

9) Valves: These are the control devices that allow the air/fuel to enter into the cylinder and
also discharge the burnt gases to the atmosphere. The inlet and outlet valves serve these
purposes. The valves are actuated by means of springs, cam and lever mechanisms and are

made to open and closed so that the charge enters/discharges at the right time

FOUR STROKE ENGINE:

A four stroke engine consists of a piston cylinder arrangement with two valves. One

valve called the ‘Inlet valve’, through which fresh charge enters into the cylinder and the
other. ‘Exhaust valve’, through which burnt gases are discharged out of the cylinder.
In 4-stroke engines, all the operations of the working cycle are completed in four different
strokes of the piston. The four different strokes performed are:

» Suction stroke

» Compression stroke

» Expansion stroke

» Exhaust stroke
Each stroke is completed when the crankshaft rotates by 180°. Hence in a 4-stroke engine, the
four different strokes (working cycle) are completed through 720° of the crankshaft rotation or

two revolutions of the crankshaft.



» WORKING PRINCIPLE OF FOUR STROKE PETROL ENGINE

(CONSTANT VOLUME CYCLE ENGINE)

Fig 2.3: Four stroke petrol engine

It is also known as Otto cycle or constant volume cycle engine. It requires four strokes

of the piston to complete one cycle of operations in the engine cylinder. The four strokes are

as follows:
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Fig 2.3 a: P-V Diagram

1. Suction stroke: During the stroke, the piston moves from TDC to BDC. The inlet valve

opens and exhaust valve will be closed. The downward movement of the piston creates a

suction in the cylinder and as a result, fresh charge of air-petrol mixture is drawn into the

cylinder through inlet valve. When the piston reaches the BDC, the suction stroke ends and

inlet valve closes. The suction stroke is represented by the line AB in P-V diagram as shown

in fig 2.3 a.



2. Compression Stroke: During this stroke, the piston moves from BDC to TDC and both
the valves are closed. As the piston moves upwards, the air-petrol mixture in the cylinder is
compressed adiabatically. The pressure and temperature of the charge are increased and this
is shown by the curve BC on PV diagram. When the piston reaches the TDC, the spark plug
initiates a spark that ignites the air-petrol mixture. Combustion of fuel takes place at

constant volume and this is shown in a line CD on PV diagram.

3. Power Stroke (Working stroke or Expansion stroke): During this stroke, both the
valves are closed and because of the combustion of charge, the burnt gases expand. Due to
this expansion, the hot gases exert pressure on the piston and as a result, the piston is pushed
from TDC to BDC. The power impulse is transmitted down through the piston to the
crankshaft. This causes the crankshaft to rotate at high speeds. Thus, work is obtained in this
stroke. At the end of this stroke, the exhaust valve opens which will release the burnt gases to

the atmosphere.

The expansion of gases is adiabatic in nature and this adiabatic expansion is shown by the
curve DE on PV diagram. When the piston reaches the BDC, the exhaust valve opens. A
part of the burnt gases escapes through the exhaust valve due to their expansion. The drop in

pressure at constant volume is shown by the line EB on PV diagram.

4. Exhaust Stroke: During this stroke, the piston moves from BDC to TDC. The inlet valve
is closed and exhaust valve is opened. As the piston moves upward, it forces the remaining
burnt gases to the atmosphere through the exhaust valve. This is shown by the line BA on
PV diagram. When the piston reaches TDC, the exhaust valve closes. Thus one cycle is

completed.



» WORKING PRINCIPLE OF FOUR STROKES DIESEL ENGINE
(CONSTANT PRESSURE CYCLE):

Fig: Four stroke Diesel engine
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Air alone is compressed during the compression stroke and at end of this stroke, the fuel
injector injects fuel into the hot compressed air. The fuel is then ignited as it comes in contact
with the hot compressed air. Hence these engines are called compression ignition engines. The

working principle of 4 stroke diesel engine is based on Diesel cycle, hence they are called

diesel cycle or constant pressure cycle engines.

The four different strokes of the 4 stroke diesel cycle is as under:

i) Suction Stroke: During this stroke, the piston moves from TDC to BDC. The inlet valve
opens and exhaust valve will be closed. The downward movement of the piston creates a
suction in the cylinder and as a result atmospheric air from the air filter is drawn into the engine
cylinder through the inlet valve. When the piston reaches BDC, the suction stroke ends with

closure of the inlet valve.



ii) Compression Stroke: During this stroke, the piston moves from BDC to TDC and both
the inlet and exhaust valves are closed. As the piston moves upwards, the air inside the engine
cylinder is compressed to high pressure and temperature. The compression process is adiabatic
in nature and the compression ratio will be from 15:1 to 22:1. At the end of this stroke, the
fuel is injected into the engine cylinder in the form of fine sprays by a fuel injector.
Combustion of fuel takes place at constant pressure.

iii) Power Stroke: During this stroke, both inlet and exhaust valves remain closed. Due to
the combustion of fuel, the burnt gases expand and exert a large force on the piston.

Due to this, the piston is pushed from TDC to BDC. The power impulse is transmitted down
through the piston to the crankshaft through the connecting rod. This causes the crankshaft to
rotate at high speeds. Thus power is obtained during this stroke. The expansion gases are
adiabatic in nature and when the piston reaches BDC the exhaust valve opens. A part of the
burnt gases escapes through the exhaust valve due to their expansion. The drop in pressure is

at constant volume.

iv) Exhaust Stroke: During this stroke, the piston moves from BDC to TDC and the inlet
valve will be closed and exhaust valve will be opened. As the piston moves upwards, it forces
the burnt gases out of the engine cylinder. When the piston reaches TDC, the exhaust valve
close and the next cycle of suction stroke begins. Thus in this engine, four operations are
completed in two revolutions of the crank shaft or 4strokes of the piston and the power is

obtained during only in power stroke i.e. one power stroke for two revolutions of the crankshaft.

» COMPARISON OF PETROL ENGINE AND DIESEL ENGINE:

S.No Petrol Engine Diesel Engine
1 [|Follows Petrol Cycle Follows Diesel Cycle
2 |Petrol is used as Fuel Diesel is used as Fuel
3 [Ignition is by Spark ignition Ignition is by Compression ignition
4 Fuel is supplied to the cylinder by Fuel is supplied to the cylinder by Fuel
Carburetor ..
injector
5 |Running cost is more Running cost is less
6 |Low compression ratio(6:1 to 8:1) High compression ratio(15:1 to 22:1)
7 [Noise level is less Noise level is more
8 |Can easily be started in cold condition [Difficult to start in cold condition
9 |Initial cost is less Initial cost is more

10 |[Engine weight is less Engine weight is more




» PARAMETERS INVOVLED IN IC ENGINES:

The job of an internal combustion engine is to convert heat energy into mechanical
energy. Practically it means that an IC engine of any type produce mechanical work in the form
of a rotating shaft giving some torque at some value of r.p.m by continuously burning of fuel.
Performances of IC engine means that how will it complete the above mentioned job. It can be
measured or compared only in terms of certain parameters as mentioned in this chapter. These

parameters are called performance parameters.

> Indicated Power (IP)

The total power developed by combustion of fuel in the combustion chamber is called Indicated

Power (IP). It can be calculated as:

Py LAN K10
L.P=

kW
:

Where  n =number of cylinders

Pni= Indicated mean effective pressure, (bars)
L = Length of stroke, (m)

A = Area of piston, (m?)

K = 1/2 for 4 stroke engine

= 1 for 2 stroke engine

» Brake Power (BP)

The power available at an engine’s output shaft is called its brake power. It is the power which
can be positively used against resistive force or braking force of the application for which

engine is being used. It can be calculated as

B.P=—— kW
60x1000

Where N = engine speed in rpm

T = Torque at output shaft in N-m.

» Friction power (FP)
The total power loss by the moving parts in the cylinder. In other words, it is the difference
between Indicated power and Brake power.

FP =1P - BP in kW



» Mechanical efficiency

It is the ratio of brake power to the indicated power of an IC Engine.

_B.P

Nmean — LP

APPLICATIONS OF IC ENGINES:

Following are the application of IC engine:

1.

IC engines are used in Road vehicles like scooters, motorcycles, buses etc.

. Itis also used in Aircraft.

2
3.
4

IC engine is commonly used in Motorboats.

. IC engine has great application in small machines, such as lawnmowers, chainsaws,

and portable engine-generators.
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ELECTRIC VEHICLES

Introduction

An electric vehicle, also called an electric drive vehicle, uses one or more electric motors or
traction motors for propulsion. An electric vehicle may be powered through a collector system
by electricity from off-vehicle sources, or may be self-contained with a battery, solar panels or
a generator to convert fuel to electricity.

EVs include road and rail vehicles, surface and underwater vessels, electric aircraft and electric

spacecraft.

Components of Electric Vehicles:

11








http://carbiketech.com/horse-power/
http://carbiketech.com/engine-design-classification/
http://carbiketech.com/engine-design-classification/
http://carbiketech.com/petroleum/
http://carbiketech.com/diesel/
http://carbiketech.com/petroleum/



http://carbiketech.com/petrol-engine/
http://carbiketech.com/diesel-engine/






























https://www.theengineerspost.com/types-of-gears/




