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Internal Combustion Engine
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Introduction
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Definition:

The internal combustion (IC) engine is a heat engine that converts
chemical energy in a fuel into mechanical energy
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There are many ways to classify engines, all of which make sense in different situations.

1. By Application

Automotive: -Car, truck, motorcycle, locomotive, marine, aircraft, etc.
Stationary: -Power generation, emergency power, utility, pumping, etc.

2. By Working Cycle
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TDC BDC TDC BDC TDC

Otto Cycle Diesel Cycle Dual Cycle



Engine Classifications

3. By Number of strokes
Four stroke, two stroke

Four stroke Spark Ignition (SI) Engine

Stroke 1. Fuel-air mixture introduced into cylinder through intake
valve (suction or intake stroke)

Stroke 2: Fuel-air mixture compressed (compression stroke)

Stroke 3: Combustion (roughly constant volume) occurs and
product gases expand doing work (expansion stroke)

Stroke 4. Product gases pushed out of the cylinder through the

exhaust valve (exhaust stroke)
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Engine Classifications \/

Two stroke Spark Ignition (SI) Engine

This cycle is completed in two strokes of piston rather than four strokes.

Actions
Piston Occurring :
Stroke . . : Explanation
Direction | during This P
Stroke
Piston

. As the Piston travels up the barrel, fresh fuel/air mix is sucked into
travelsup | Induction &

Stroke 1 ) . the crankcase (bottom of the engine) & the fuel/air mix in the
the cylinder| Compression : . L
barrel cylinder (top of the engine) is compressed ready for ignition
: The spark plug ignites the fuel/air mix in the cylinder, the resulting
Piston . :
travels explosion pushes the piston back down to the bottom of the
Ignition & |cylinder, as the piston travels down, the transfer port openings are
Stroke 2 | down the . :
. Exhaust exposed & the fresh fuel/air mix is sucked from the crankcase into
cylinder ) L . : .
barrel the cylinder. As the fresh fuel/air mix is drawn into the cylinder, it

forces the spent exhaust gases out through the exhaust port.
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Engine Classifications

~ 4.By cylinder Arrangement:

(a) Single Cylinder. (b) In-Line. (c) V Engine. (d) Opposed Cylinder Engine
(e) W Engine. (f) Opposed Piston Engine (g) Radial Engine.
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Engine Classifications

.By Cooling System:

valve

spring

exhaust

mixture in—| vahos

intake __—" = — cylinder

valve 5 head

combustion / cooling

Chambef watef

cylinder e | ‘\ piston
block -

connecting crankcase

rod

crankshaft

Water Cooled Engine
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6. By method for charging the cylinder

1- For Fuel
a- Carbureted.
b- Injected.

2- For Air
1- Naturally Aspirated. No intake air pressure boost system.
2-Supercharged. Intake air pressure increased with the compressor driven off of
the engine cranks
3-Turbocharged. Intake air pressure increased with the turbine-compressor
driven by the engine exhaust
4- Crankcase Compressed. Two-stroke cycle engine which uses the crankcase as
the intake air compressor. Limited development work has also been done on design
and construction of four-stroke cycle engines with crankcase compression.



Engine Classifications

7. By Fuel type
Gasoline (petrol), diesel (Diesel oil), natural gas, propane, LPG, ethanol,
methanol, residual oil, hydrogen, dual fuel, bi-fuel

8. By Ignition method

A- Spark ignition, (single or multiple spark plugs, single strike or multi-strike
system, etc)

B- Compression ignition -glow plug or spark assist

Air Gap (Spark Plug)

injector

Condensor —>¢— Secondary
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‘ Contact g
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Capacitor

crankshaft
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Basic Flathead Engine Design

9. By Valve type, location ]
and operating method ﬂ”ﬂ”ﬂéﬂ = Sperk

Rocker arm

I =
Valve 1
Valve
and_
Push rod # Spring

Pistan

BIONT HowSaulMtares

Side valve
Valve lifter
Camshaft V?:a:;en
s 1

Electronically operated valves could replace cams in
the future. This cutaway of a BMW prototype engine
shows the powerful solenoid above each valve that
controls its movement.

7 Solenoid Operated Valve

f Electronic Control (VTEC)

ng
[otor Co.).

Honda Variable valve Timing and li



10. By Combustion chamber design

-open chamber -wedge, disk, hemisphere, pent-roof, bowl-in-piston, etc
-divided chamber — pre-chamber, torch chamber, swirl chamber, etc.
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Engine Parameters
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Engine Parameters

Spark plug ot
fuel mjector

Top — Clearance
dead center volume
Combustion — Cylinder
Stroke wall
FiEton
pin Bottom
e cente Reciprocating Piston
motion

Crank mechanism g4 .

Crankshalt



Engine Parameters

Cylinder Block:

Cyllnders: Cooled Fire band -y
4 (anti polishing {"Eng] T4
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Piston Rings:

~ CYLINDER
TOP RING i ' ! sone
MARK
SECOND RING —
e
OIL RING
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Engine Par

ameters

Crankshaft:

Mount for
camshaft

drive sprocket

Crank nose
for pulley
and/or
vibration

Main journal
oilway to
lube crankpin|

Gudgeon Pin (wrist pin or piston pin):

Flywheel
q .-—“" mounting

flange

Counterweig
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Pulsation Damper

Small -
End —_—

Beanng

Big End ~|:

Comnecting Rod
(con rod)
Assembly

Fuel Pressure Regulator
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Intake Runners
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Camshaft < =

N

Return spring ﬂé

Valve —
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Camshaft »
Return spring ———
|
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Valve ——

Camshaft

Push Rod

Valve Gear

Tappet clearance

Camshaft rotating
at half of engine
speed (twice as
many teeth as the
sprocket)

Crankshaft
sprocket

| Rocker shaft
Lock nut for
adjusting valve
clearance
Spring Camshaft
Camshaft sprocket
-Pushrod  Bucket

Exhaust tappet

valve Valve spring

Inlet

Tensioner
valve

Sprocket

Overhead
Camshaft
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Crankshaft sprocket

" Camshatt
Sprocket
Bucket
tappet
Yalve
spring
Inlet
valve
Exhaust
valve



Engine Valve Assemblics for"E” Series V8
1948-51
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Engine Terminology

,/”‘6\ Crank shaft
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Spark plug or

fuel injector

Valve

Top — Clearance
dead center volume
— Cylinder
Stroke wall
Bottom
dead center Piston

Reciprocating
motion

Crank mechanism

/ Rotary
motion



Engine Terminology - e //

Bore (d): the inside diameter of the cylinder.

Stroke Volume: the displacement volume swept by the piston in one stroke and is equal to the
product of the inner cross-sectional area of the cylinder and the stroke length of the piston.

Vi =Vapc —Vine :(%)DZL

Clearance Volume: the volume of the compressed charge which is also the volume contained in
the cylinder above the top or crown of the piston when the piston is at TDC.

Compression Ratio: the ratio between the total volume to the clearance volume.

The mean effective pressure: (mep)
The mean effective pressure is the average pressure on the piston during the working stroke and
Is obtained by dividing the work per cycle by the cylinder volume displaced per cycle.

mep = .
Vd



Engine Terminology e e s —

Firing order:

»The firing order is the sequence of power delivery of each cylinder in a multi-cylinder
reciprocating engine.

»This is achieved by sparking of the spark plugs in a gasoline engine in the correct order.
Or by the sequence of fuel injection in a diesel engine.

» When designing an engine, choosing an appropriate firing order is critical to minimizing
vibration and achieving smooth running, for long engine fatigue life and user comfort, and
heavily influences crankshaft design.
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Engine Terminology

In case of 4 cylinder engine:

the four crankpins are in one plane, 180° opposed. Since two pistons each are at the extreme
position, the inline design permits following firing orders: 1-3-2-4 or 1-3-4-2

firing order firing order

L. cylinder exhaust intake compression compression

2. cvlindar intake compression exhaust compression | worlk | exhaust
3. eylinder |compression | work: | axhaust 3. cvlindar exhaust
4. eylinder exhaust compression 4, cylinder | compression exhaust 573

half a revolution of crank-shaft half a revolution of crank-shaft




Engine Terminology

In case of 6 cylinder engine:

the crankpins are in one plane, 120° apart. The inline design permits following firing
orders: 1-5-3-6-2-4 or 1-4-2-6-3-5

Firing order

L. eylinder exhaust intake

compression

1. evlinder exhaust comprassion

1.6

exhaust

comprassion

exhaust comprassion

compression

2.5 3.4

6. evlinder intake comprassion exhaust

Crank shaft 0 60 120 180 40 300 360 420 480 540 600 660 T30




Comparison of SI and CI Engines:

/ V

—— |

NO _Description ————— Sl Engine Cl Engine-
B Basic cycle Operated on Otto cycle. Operated on Diesel cycle
Gasoline fuel, highly volatile fuel and self Diesel, on- volatile, lower self ignition
2 Fuel Used A
ignition temperature temp.
A gaseous mixture of fuel and air is introduced | Fuel is injected inside the cylinder at high
: during suction stroke. Carburetor or injector pressure near the end of compression
3 Induction of fuel
are necessary stroke
by fuel pump and injector
4 Load control Quantity control by throttle Quality control
Requires an ignition system with spark plug in | The injected fuel ignited due to the high
o the combustion chamber. pressure and temp. of air at the end of
5 Ignition ;
compression stroke.
Operating at range of 6-11. Upper is limited by | Operating at range of 12-24.Upper limit is
6 Compression ratio detonation limited by weight increase of the engine
L hel . rati High h . rati
7 Thin oo ower due to the lower comp. ratio igher due to the comp. ratio
Lighter than Diesel. Due to lower comp. ratio | Heavier than Petrol. Because it has high
: and lower max press., the cylinder dimension | comp. ratio and higher max pressure so
8 Weight and weight be small. that the cylinder thickness be high and
heavier for the same power.
9 Air/Fuel ratio 10:1to 20:1 18:1to 100:1or more accqrdmg to the load
on the engine
Up to 6000r.p.m or more Low speed 400r.p.m,medium 400-
10 Operating speed 1200r.p.m,high speed 1200 to 3500r.p.m
or more
L : 4.5kg/kW). High (3.3to13.5kg/kW).
11 Weight per unit power ow:(0:510.4.5ke kW) igh{3.3t013 ke /W)
High due to the lower thermal effic. High due to high thermal effic.
12 Exhaust gas temperature.
Small passenger cars, scooters, motor cycles, Railway locomotive, heavy commercial
13 Uses small aircrafts, motor boats road vehicles, ships motor boats, power

generation.




Comparison Four Stroke and Two Stroke Cycle Engines: /

No Crlterlg . 2- stroke engine 4- stroke engine
comparison
1 B One working stroke‘_ in each cylinder per| One working stroke_ in each cylinder per
revolution of the crankshaft two revolution of the crankshaft
Thermal efficiency lower, part load Thermal efficiency higher, part load
5 Thermal efficiency lesser than four stroke cycle efficiency better than two stroke cycle
efficiency engine. In two stroke engines some fuel is engine
exhausted during scavenging
3 | Weight and size | Lighter and compact for the same power Heaver and larger
4 Volumetric Volumetric efficiency less due to lesser | Volumetric efficiency more due to greater
efficiency time of induction time of induction
5 Flywheel size Smaller Larger
6 Turning More uniform turning moment and hence Turning moment is not uniform and
moment lighter flywheel is needed hence heavier flywheel is needed
5 Mechanical More due to lesser moving parts Lesser
efficiency
: Simpler and easy to manufacture More complicated due to valves and
8 Construction i
valves mechanism
9 Scavenging Required and done by fresh charge More efficient
10 Fuel More fuel consumption for the same Less for the same power
consumption power
1 Cooling and Greater cooling and lubrication .Great Lesser cooling and lubrication. Lesser
lubrication rate of wear and tear rate of wear and tear
Used where cost and weight low. Scooters Cars, buses, trucks, tractors, industrial
43 Applications motors cycles lawn movers. Large sizes engines, aero plane, power generation
diesel engine




