UNIT M1- DIESEL ENGINE FUNDAMENTALS AND
WORKING PRINCIPLES

OBJECTIVE

The objective of this unit is to make you underdtaibout the basic working principle
and fundamentals of Diesel Engine as per the faigwletails: -

Working principle

Classification of Diesel Engine based on cycle pération, aspiration, Cylinder
arrangement and Engine Layout, speed and poweubutp

Understanding working cycle through valve timinggtiam.

Understanding process of combustion in Diesel Engin
STRUCTURE

Introduction

Cycle of Operation

Valve Timing Diagram

Cylinder arrangement and Engine Layout.

Natural aspiration and Supercharging

Firing Order

Combustion in Diesel Engine

WDM2 Diesel Locomotive Engine Data and Layout

Summary

Self assessment



INTRODUCTION

As commonly known, there are two types of engines kxternal Combustion Engine
and Internal Combustion Engine. The examples oéif&l Combustion Engine are Coal or oll
fired steam engines and those of Internal Combugingine are Petrol, Diesel and Gas engine.

In External Combustion engine, coal or liquid figlburnt outside the cylinder, but in
Internal Combustion engine the fuel burns insigedylinder.

The Internal Combustion engines are again dividéal two groups i.e.(i) Spark Ignition
engines and (ii) Compression Ignition engine, Exiangb spark ignition engine is petrol and gas
engine where-as example of compression ignitiomnenig diesel engine.

The basic purpose of an IC engine is to developepdwy burning fuel. Therefore, good
performance of an Engine is dependent on how quiakld completely the fuel can be burnt.
This burning of hydrocarbons is called combustiamhjch is a chemical process (oxidation),
accompanied by emission of light and heat.

The petrol or gas engines are called spark ignigingines, as electric spark is required
for ignition of fuel air mixture, which is injectad the mixture form in the combustion chamber.

The process of combustion in the compression gmigéingine differs widely from that of
spark ignition engine. In case of diesel enging/ daél in liquid state is injected at very a high
pressure, into highly heated and compressed aiheancombustion chamber, the heat of the
compressed air starts the combustion process andeny like electric spark is required.

The name 'Compression Ignition Engine’ has beeivel@rfrom the fact that the air
drawn in the suction stroke is compressed to sudbgaee in compression stroke, that the heat
generated due to compression goes much abovelthigrston or auto-ignition temperature of
the liquid fuel.

The abbreviation °IC Engine' (Internal Combustiomgiee) and C.l.Engines
(Compression Ignition Engine) sometimes causesusoori. Though both petrol and diesel
engines are |.C.Engines', only diesel engines wammkCompression Ignition principle and
should be termed as "C.l.Engines'. In other worldigevall "C.1.Engines' are "I.C.Engines' but all
“I.C.Engines’ are not "C.I.Engines'.

Compression Ratio

The compression ratio of "I.C.Engines' is the rékédween total volume i.e. (clearance
volume+ swept volume.) and clearance volume

In other words this ratio is indicative of the degrof compression of the trapped air.
Higher the compression ratio, higher will be thenpoession pressure and consequently higher
the temperature.

It is for this reason that compression ratio ofrkpgnition engine is lesser (round about
8:1) whereas the compression ratio of compresgjoition engine is 12:1 & above.

CYCLE OF OPERATION
In any Compression Ignition engine following prepuesites must be fulfilled.
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(a) Suction or Induction

The suction or induction of fresh cool air mustetglace for the purpose of providing
oxygen for combustion of fuel as also for the sogieg of burnt gases and taking away heat
from the combustion chamber components.

(b) Compression:

Once the air is drawn in, the air inlet passagadased. The trapped air is compressed due
to upward movement of pistons. Once the air is lgigbmpressed, it attains high temperature.
At this stage fuel is injected just before the TTDior combustion to start.

(c) Firing or Power:

Very shortly after the fuel injection, the firingkes place and peak pressure is achieved
just after TDC, the expansion of gas provides tived or power which drives the piston back,
thus rotating the crank shatft.

(d) Exhaust:

After the fuel is burnt out, the burnt gas hasital fpassage to atmosphere so that space
can be made for accommodating fresh air for the oygole of operation.

The aforesaid requirements are fulfilled in eitfarr strokes of piston or in 2 strokes. In
case of the former the engine is called a fourkstroycle engine and in case of the latter the
engine is called two stroke cycle i.e. either twwalutions or one revolution of the crankshaft
cover all the events of the cycle.

FOUR STROKE/ TWO STROKE CYCLE

While in four stroke cycle engines, suction, conspren, fuel injection, exhaust and
scavenging, are completed in four strokes of tlstopi or two revolutions of the crank, in two
stroke engines all these are completed in two egaif the piston or one revolution of the
crankshatft.

(Sk.1.1. & Sk.1.2.)

There are various designs of 2 stroke cycle endm¢®ne thing common in all, is that
compressed air is essential for the purpose ofeswang right from the lowest power output
whereas in case of 4 stroke cycle engine at lowogrep range it works as naturally aspirated
engine.

To describe this process in greater detail, we teke the example of the WDG4
locomotive, in which all the exhaust valves aré¢ha cylinder head at the top and the inlet ports
are round the cylinder liner.

VALVE TIMING DIAGRAM

Valve Timing Diagram of 2 stroke (WDG4/ GM Engirem)d 4 Stroke (WDM2 Engine)
is being dealt separately for better understanding.
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Just before the TDC, the fuel injection starts #mel power stroke begins just after the
TDC. After the piston has moved down partly, ane ¢hank is at a position of 19%om the
TDC, or 7P from the BDC, the exhaust valves open allowingeRkaust to escape. With the
escape of the part of exhaust gas, the pressubhe icombustion chamber falls. By this time the
piston has gone further down, and when the crankesoto 43.8 before TDC, the piston
uncovers inlet port on the sides, and scavengingjrals access into the cylinders and tries to
push out the exhaust gases. This process contipies43.5 after the BDC. Thus for a period
of 87°, both exhaust valves and the inlet ports rempinoAfter 43.8 after the BDC, the inlet
ports close, but the exhaust ports still remaimopé this time, the lower port of the combustion
chamber is full of fresh air, and the upper pofilied with a mixture of burnt gas and air. With
further movement of piston in the upward strokes ghston has moved further, bringing the
crank to about 67after the BDC, and the exhaust valves close. Tamped gas contains mostly
pure air, and compression takes place. While cossjoe is taking place at about 1%I8efore
the TDC, the fuel is injected at a high pressurareg hot compressed air. The firing starts with
peak pressure being reached just after the TDOnRhe above, it is seen that in the first or
downward stroke, this type of engine, followingedalplace-

A combustion of fuel, giving power, forcing the fos to go down.
B exhaust of the burnt gas starts atd@fier TDC or 72 before BDC.
C scavenging and inlet of fresh air starts at 2Before BDC.

Therefore, only a part of the downward stroke ig/@ostroke, and the rest is taken up by
the exhaust and scavenging. Similarly, in the upvsairoke, the following takes place.

A inlet of fresh air

B discharge of balance of burnt gas

C compression of trapped air

D fuel injection into the compressed hot air.



VALVE TIMING DIAGRAM - 4 STROKE CYCLE:
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As already stated this type of engine needs faokses of piston or two revolutions of the
crankshaft to cover all the events of the cycle ugig superficially it appears that each of the
stroke is distinctly for one major event but inusdtpractice it is not quite so. These events some
times over lap between two strokes for better perémce.

At the later part of the exhaust stroke when th&topi is still moving upwards with
exhaust valve already open, the inlet valve open$3848/80.f before the TDC. The
supercharged air at about 1.5 kgfcmbove the atmospheric pressure reaches throegimlgt
valves and pushes out the burnt gas. This procegsaes upto 60/57.77 after TDC when the
exhaust valve closes.

SUCTION:

When the exhaust valve closed and piston contintongiove downwards, more and
more fresh cool air is sucked in through the intgives. But the suction does not end just at the
BDC and continues up to 280'/35.4 after BDC when inlet valve closes. The extra mosem
of the crank by this amount provides some more fionenore air to find access in cylinder due
to "wire drawing" or ‘interalia’ effect. This exttime was not necessary if the size of the valve
was as large as the size of the piston. But thi@igpracticable due to obvious reasons. In order
to get more air through the restricted air inlesgze more time is required. Thus the first
downward stroke is partly for scavenging and ttst i@ suction.

COMPRESSION:

Subsequent to the air inlet valve closing &t 29/ 35.4 after BDC the air drawn in the
cylinder gets trapped as the exhaust valve alsdosed from before. Now with the piston
moving upwards in second stroke, compression tpke right up to the TDC but just 18 1/4
before the TDC when the air is well compressed badted up, combustion of the fuel
compressed starts and peak pressure is achieitdd after TDC.

Thus the second stroke (upward stroke) is parttyi@u and the rest compression in the
later part of which the fuel injection also starts.

POWER:

In the 3rd (downward) stroke the high pressure lbgesl in the combustion chamber
forces the piston down and is called power strdkat, a little before the end of this stroke
(41°28'/57.67 before BDC) the exhaust valve opens and the hyases under some pressure
find outlet through the exhaust valve and the resigpressure and energy which was of not
much consequence in developing power in the cytihedps in driving turbo-charger and extra
time with exhaust valves open avoids back pressutee exhaust stroke.

Thus, the third (Downward) stroke is mainly a powepoke and a part in the later and is
used for exhaust of burnt gases.

EXHAUST:

After the piston passes the BDC the 4th (upwanebkst starts and physically pushes the
burnt gas out. But at a point &8’ before the TDC the inlet valves open with extaalve
already in open condition. At this stage the pressd exhaust gas has come down considerably
and the pressurized inlet air scavenges the bt This continues till 8057.77 after BDC
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when the exhaust valve closes, thus completinguteycle. Thus the 4th (upward) stroke is
mainly exhaust stroke, but the later part of sed for scavenging when both inlet and exhaust
valves are in open condition. Scavenging has afgignt effect on the efficiency of engine. In
conventional engine it was 12B¢and in fuel efficient it has increased to 137.87

From the above, it will be clear that the four k&® of this type of engine covers all the
requisite events of Compression Ignition engines.

The valve and fuel injection timing of each engimary to give optimum output
depending on the valve size, cylinder diameter aesgon ratio, degree of supercharging etc.

Thus, it can be seen that in a four-stroke cyclere alternate downward stroke is a
power stroke, whereas in two-stroke cycle, evenyrdeard stroke is a power stroke. This fact
sometimes leads to the wrong impression that,Hersame size and number of cylinders, a two-
stroke cycle engine is capable of developing doth#epower of the four-stroke cycle engine of
same description. This is however not true. Theaesa for this are-

1. Only a small part of the downward stroke can bdizetl as a power
stroke.

2. Greater amount of burnt gas remains in the cylinieed with new
charged air. The above reasons result in muchrldasé can be injected per power
stroke. Naturally the impression that two strokeleyengine of same rpm and cylinder
size and stroke can develop double the horseposvent correct. In fact, experience
shows that SFC in a two-stroke cycle engine ishigghigher than a four-stroke cycle
engine.

CYLINDER ARRANGEMENTS AND ENGINE LAYOUT

Both 2-stroke and 4-stroke cycle can be with mamgirgements of cylinders. For rail
traction use, in our country, only inline verti@lgines, V-engines, and inline horizontal engines
are used. Vertical inline engines are used forhgvshunters. V-engines are used for higher hp.

NATURAL ASPIRATION AND SUPERCHARGING

Naturally aspirated engines are those which drawnghe cylinder at a pressure slightly
lower than the atmospheric pressure, when pardialivm is created in the cylinder by outward
motion of the piston in the suction stroke, dudrntertia of air and unavoidable restriction to
flow, resulting in cylinder air pressure being blig below atmospheric pressure. The demand
for more and more power output of the engine, dhgrgf the cylinder with pressurised air had
to be resorted to, so that more fuel can be bumdt more power can be produced. Pressure
charging of inlet air can be done by -

A engine crankshaft driven centrifugal blower
B roots blower
C exhaust gas driven turbocharger.

When specifically designed for supercharging, pog&ns can range from 50% to 100%.
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ENGINE SIZES AND SPEED

Diesel engines are now put in various types ofdeggending upon usage; the engines are
made in vast range of sizes and speeds. While gignengines are classified in three groups,
depending upon the speed and size, there is nowdeBhed demarcation and there can be
considerable overlap between adjacent groups. Niyrritav speed engines are not used for
traction purposes, as they are too heavy and bualky, therefore, they are used mostly for
marine work or for stationary duties. The mediumwl as high-speed engines are used for ralil
traction purposes.

FIRING ORDER

In case of four-stroke cycle engine, there is ang power stroke in the four strokes of
pistons or every two revolutions of the crankshiafs therefore necessary to have a flywheel, to
give a 'carry over' for the three "waste" strokesl & ensure a smoother power output. To
increase the power output and to make it smootheltj-cylinder engines are used in which, the
firing strokes on different cylinders are suitalsiyaced in relation to the crank angles so that
during the revolutions of the crankshatft, firingtbé cylinders takes place one by one at regular
intervals.

For even firing in a four-stroke engine, one cyénanust be allowed to fire during each
of the four strokes and, therefore the crankshaéinged at 7204=187 intervals, and for a
sixteen-cylinder engine, it is 72016=45".

It follows from the above that as the number ofirérs increases, the power output
becomes smoother. The firing order is used to prtestlamage arising from vibrations setup in
the crankshatft, the sequence of firing is so ardrtgat the vibrations tend to cancel out as far as
possible. It may, however, be mentioned that igdagngines, running at high speeds, the firing
order may not by itself, prevent the buildup ofrailions, and, therefore vibration dampers are
mounted on the crankshaft. For our railway stanéagines, the following firing order has been
prescribed-

WDM, LOCOMOTIVES
1R1L-4RAL-7R7L-6R6L-8R8L-5R5L-2R2L-3R3L
WDS6/YDM4 LOCOMOTIVES

1-4-2-6-3-5
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COMBUSTION IN DIESEL ENGINE

The basic purpose of IC Engine is to develop pomeburning fuel. Therefore, good
performance of an IC Engine is dependent on howkijuand completely the fuel can be burnt.
This burning of hydrocarbons is called combustiawhjch is a chemical process (oxidation),
accompanied by emission of light and heat.

The process of combustion in the compression gmigéingine differs widely from that of
spark ignition engine. In case of diesel enging/ daél in liquid state is injected at very a high
pressure, into highly heated and compressed aiheancombustion chamber, the heat of the
compressed air starts the combustion process aademy like electric spark is required.

Process of combustion

If we allow diesel fuel to remain inside a roomaedion will take place, but very slowly.
As the temperature of air is raised the processdspep, ultimately we reach a critical stage
where the heat is generated, by oxidation, at hehnigate than it is dissipated. This results in
automatic rise in temperature, quicker oxidatiod aonsequent further evolution of heat. This
critical temperature is called "Auto-ignition" teemature. This critical temperature of fuel is
dependent on factors like type of fuel, pressuce et

Now when fuel oil at a high pressure is sprayed the combustion chamber filled with
pressurized air, the droplets behave in followingnmer, of-course in matter of milliseconds.
The extreme outer surface of the droplet will immesgly start to evaporate, thus surrounding
the core with a thin film of vapour. To accompligits, however, heat must be withdrawn from
the air in immediate contact with the droplet ind@rto overcome the latent heat of evaporation
of the liquid. Thus the immediate effect is to reeluhe temperature of a thin layer of air
surrounding the droplet and some time must elagderd reaching main bulk of air at its
vicinity. As soon as this vapour and the air conresctual contact with it, reach a certain
temperature, ignition will take place, although ttare is still liquid and relatively cold. Once
ignition has been started and a flame establighedyeat required for further evaporation would
be supplied from that released by combustion. Wee hthen a core of liquid surrounded by a
layer of vapour which is burning as fast as it iad fresh oxygen to keep the process going,
and this condition continues unchanged until thele/is burnt.
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Preflame oxidation of fuel Sk: 1.5.

5
6. Local ignition
7.
8
9

Inflamation

. Oxidation of fuel air mixture/ 8A. Thermal decomfims of fuel
. Mixing of products of partial oxidation or of theatirdecomposition with air.

10. Temp and Oxygen concentration favorable for congpteimbustion.

11.Products of complete combustion

12. Temp and Oxygen concentration not favorable for glete combustion (chilling,

over lean and over rich mixture.)

13.Products of incomplete combustion

Phases of combustion

Though the process of combustion of fuel particlescompleted in matter of
milliseconds, scientists have analysed the proaedshave come to conclusion that the process
covers the following distinct phases. (See Sk.1ahd 1. 5.2)

1 Delay period (2) Uncontrolled combustion (3) Goltéd combustion & (4) Burning in
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expansion stroke.
1. Delay period

However small the period may be, for reasons meatlan preceding paragraphs, some
time will elapse between actual injection of fueldombustion chamber to the inflammation
stage when pressure will shoot up. The delay pesiadfected by factors like -

1. Size of fuel droplet,

2. Air charge temperature at the time of injection,

3. Pressure in combustion chamber,

4. Turbulence of air in combustion chamber,

5. Cetane Number of fuel used,

6. Fuel injection advance.

It is essential to have suitable delay time tolitate fuel droplets reaching the further
ends of combustion chamber and have better fuehiaiture. Less or no delay period will result
in incomplete combustion and localised burning ribarnozzle tip. Similarly longer delay will
lead to Diesel knock and combustion in expansiagest Hence delay period should be
controlled within optimum range.

2. Uncontrolled combustion

This phase is often termed as flame spread. hasperiod of rapid combustion of fuel
already accumulated in the delay period and paaidp those injected during the controlled
combustion period. Since the charge has alreadynradated and exploded giving sudden rise of
pressure, it is called uncontrolled combustion.sTphase should start just before the piston
reaches top dead centre and should be completediliter top dead centre.

The factors which affect this phase are
(a) Duration of Phase-I
(b) The items which control the Phase-I.

In other words, longer the delay period, more Wwdl the accumulated fuel charge and
higher will be the pressure rise.

3. Controlled combustion

After the steep rise in pressure comes to an éwrdrate of increase of pressure comes
down and the curve stoops down comparatively. Thigrolled combustion phase is from the
end of uncontrolled combustion phase to a littkerathe end of fuel injection. The reasons for
this portion of curve being less steep are thahis phase, unlike the previous phase the fuel
which is coming in is burning and that the pist@s Istarted residing resulting in reduction in the
rate of increase of pressure rise. The aspectadafiect on this phase are:

a) Duration of phase-I and,

b) Fuel injection timing,

c¢) Factors which control phase-l and Il
4. Combustion in expansion stroke:

This phase is generally not taken into accounir) &eal conditions this should not exist.
But never the less it exists and in this periodwnbfuel gets burnt as it finds oxygen. But this
does not contribute to engine output and hencéetiser it is, the better.

Though theoretically the phases of combustion hmeaen shown distinct from each other
as shown in Sk.1.5.1, the actual indicator diagslmows the combustion curve as shown in
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Sk.1.5.2.

Sk.1.5.3. shows that with the increase of prestheeair temperature increases and the
auto ignition temperature level goes down slightly.

The flowchart of combustion as shown in Sk.1.5didates that delay period is sub-
divided in two parts i.e. physical delay and cheahidelay. It can also be seen that due to
temperature going higher than what is conducivermper combustion, and for some other
reasons, fuel vapours crack up into elements, toopoof which again take part in the process of
combustion.

It will be appreciated that the whole process mpleted in about 0.005 seconds and this
highly limited time has been a bar on further dethanalysis of this stage.

Since power of an engine is largely dependent @ ghality of air it inhales and
compresses per cycle, it is necessary to haveeanaldout the quantity of air required for proper
combustion. It is known that atmospheric air cass® 3.32 parts of nitrogen by weight of
oxygen to produce 4.32 parts by weight of air. timeo words in ordeto get 1 kg of oxygen we
have to get 4.32 kg of air.

With the; help of simple chemical formula we candfiout the quantity by wt. of air
required to burn combustible substances. The dfaséls nothing but a combination of various
groups of hydrocarbons. Though there are 29 andvaddties of hydrocarbons presence of a
few varieties is predominate in particular, typésuel oil. It has been found théir burning | kg
of HSD oil a theoretical quantity of approximatelg-kg of air is requiredBut the entire
qguantity of air pressed into the combustion chandmes not come into play in the process of
combustion and as such an excess quantity®.ég approximately is given for every kg of fuel
burnt.

But providing excess amount of air alone will naiffee for having complete
combustion. If the air within the cylinder was naotiless it would be evident that only one small
portion of the fuel would find enough oxygen. Sinté impossible to distribute fuel droplets
uniformly to fill up the entire combustion chamisgrace. Considerable relative motion between
air and the fuel is necessary to ensure not onhimeous supply of fresh air to each burning
particle but also to sweep away the products of lmemtion which may otherwise have a
tendency to suffocate combustion. Therefore, tteewhburning depends to a great extent on the
rate at which the products of combustion can beoxeu from the outer surface of the particles
so that the fuel vapour comes in contact with freshair and thereby get heat and oxygen. In
other words it depends upon the rate at which bgrdroplets are moving across the air and also
air across the droplets.

Combustion chamber design:

The main aim of combustion chamber design is tectffapid and complete combustion
of fuel by creating high relative velocity or tutbnce thus resulting in thorough mixing of air
and fuel.

The above effect is achieved by following methods:

(a) Giving a particular shape to the inlet air pggsso that the airflow is so directed that
it has maximum effect in moving across the fuetipkes. This is called in-take inducégwirl".

(b) By giving such valve angle that would have mRassible airflow which would cut
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across fuel particles in the best manner posslbte of masked valve in combination with

directional part is also resorted to for this pusg.o

(c) The piston crown is given particular shape to ail swirl of air. This is some times called
piston induced Squish'

(d) Diesel designers working in close co-operation \itél injection engineers have produced
many successful conformations for combustion chasbEhe type used is also dependent
upon engine size, speed, type and application. @stidm chamber types being produced
today may be classified as :-

1. Pre-combustion chamber or quiescent pre-condyustiamber.

2. Air cell or energy cell

3. Turbulent chamber of turbulent pre-combustioancher

4. Open combustion chamber with direct injection

But with the advent of highly super-charged engiihdéms been found that excepting for
providing directional port and slight concave shapeylinder head surface and piston crown
an open combustion chamber no other complicatioecgssary.

All the standard diesel locos of Indian Railways grovided with this type of
combustion chamber.

WDM 2 DIESEL LOCOMOTIVE ENGINE DATA

In WDMZ2 class locomotives, ALCO design 251B modéicylinder exhaust gas turbo-
supercharged closed circuit water cooled, compsasgnition medium speed four-stroke diesel
engine is used. The engine's general characteaisticatings are given below-

CYCLE 4 STROKE CYCLE

ASPIRATION TURBOSUPERCHARGED WITH CHARGE AIR
COOLING

BORE 9 INCHES (228 mm)

STROKE 10.5 inches (267 mm)

COMPRESSION RATIO

CONCAVE CROWN STYLE 12.5:1

FLAT CROWN STYLE 11.5:1

HORSEPOWER (GROSS) 2600 BHP

ENGINE SPEED 1000 RPM (FULL LOAD)
400 RPM (IDLE

PISTON SPEED (MEAN) 9.89 m/sec

BMEP 13.57 kg/ch

SWEPT VOLUME PER CYLINDER  10.5 ltrs.

WEIGHT (DRY ENGINE) 19026 kg
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ENGINE EQUIPMENT LAYOUT-WDM2 EXTERNAL VIEW (Fig: Sk -1.6)
Base engine/ crankcase /oil sump
Sump

Oil level depth gauge.

Crankcase inspection door

Lube oil pump

Lubricating oil main header flange
Crank shaft

Connecting rod

Lubricating oil pump with relief valve
10.  Engine block

11. Main bearing cap

12.  Main bearing nut

13.  Fuel Pump lifter

14. FP support

15. Camshatt

16.  Lube oil pipe

17. FP cover

18.  Fuel pump

19.  Water raiser pipe

20. Cyl.head

21.  Exhaust manifold

22.  V-channel

23.  Rocker arm

24. Inlet valve

25.  Fast coupling expresser drive

26. Valve lever casing

27.  Adjusting screw

©CoNorwWNE

28. HP tube
29. Control shaft
30. Push rod

31. Push rod lifter

32. Cyl.head stud

33.  Water header

34. Exhaust manifold

35. Exhaust manifold arm
36. Inlet elbow

37. Liner

38. Piston

39. Piston pin

40.  FIP support

41 Free end foundation bolt
42 S-pipe

44 Water riser
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SUMMARY

Diesel Engine is an Internal Combustion, Compressgmition Engine. Operation Cycle of the
Diesel Engine consist of the functions like Suctid@ompression, Firing, Expansion and
Exhaust. Depending on the number of strokes redjuoecomplete one working cycle they are
divided into two groups — 2 Stroke & 4 Stroke cyElegine. Valve Timing Diagram of 4 Stroke
and 2 Stroke Engine indicates the correct openimg @osing period of Valves and Fuel
Injection timing, hence, it correctly explains taration of different functions of the Engine.
Diesel Engines are further classified into Inline\6shaped Engine, Naturally Aspirated or
Supercharged Engine, depending upon the cylindengement on the block and the air
induction system. Supercharging means charginggbf-pressure intake air into the cylinder to
improve the efficiency and power output of the [@leBngine. Supercharging can be done by
any of the methods, through (1) engine crankshayed centrifugal blower/ roots blower (2)
exhaust gas driven turbocharger. Firing Order datess the sequence of firing at different
cylinders of a multi cylinder Engine. Correct seqeiag of Firing Order reduces the vibration of
a multi cylinder engine upto a large extent. Contibusin Diesel Engine explains the process of
combustion . Different phases of combustion arefajpderiod, Uncontrolled Combustion,
Controlled Combustion and Burning in expansionksrorhese phases determine the shape of
the diesel cycle of the engine. Quality of air withrbulance is a vital factor for effective
combustion. Turbulance is created by suitably desg the combustion chamber. A typical
WDM2 Diesel Locomotive Engine Data is being incldder better understanding.

SELF ASSESSMENT
1. What do you understand by a Two stroke and a Rookescycle engine?
2. What do you learn from the Valve Timing Diagram?

3. What is the difference between a natural aspiratetla supercharged engine? What
are the various methods of supercharging?

4. What is the importance of firing order of a mulj#inder engine? Mention the firing
order of WDM2 locomotive engine.

5. What are the phases of combustion? What do you rstachel by Delay in
Combustion? Which factors affect the delay period?

6. What is the stroke length and compression ratd/BM2 locomotive engine?
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Measures and Unitgetane number

[Etymology: refers to the chemical usedutomotivesA measure of the ‘knock’ or
compressive ignitability of a fuel, being the periage by volume of the chemical cetane, which,
when blended with methylnaphthalene, gives a likefggmance. Cetane rating applies to fuel
for diesel engines, which, unlike gasoline engindspend on compressive ignition of fuel.
However, for adequate performance the ignition mmgit occur too readily; a cetane rating
above 40 is typically required. Comparg&ane number
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Wikipedia: cetane number

Cetane numberor CN is a measure of trmmbustionquality of diesel fuelvia the
compression ignition process. Cetane number igrifiant expression of diesel fuel quality
among a number of other measurements that deteroveeall diesel fuel quality. Cetane
number of a fuel is defined as the percentage lynve of normal cetane in a mixture of normal
cetane and alpha-methyl napthalene which has the ggnition characteristics (ignition delay)
as the test fuel when combustion is carried o standard engine under specified operating
conditions.

Cetane number is actually a measure of a fuelisiogndelay; the time period between
the start of injection and start of combustion ifigm) of the fuel. In a particular diesel engine,
higher cetane fuels will have shorter ignition gefgeriods than lower cetane fuels. Cetane
numbers are only used for the relatively light idage diesel oils. For heavy (residual) fuel oil
two other scales are us€€Al andClI.

Generally, diesel engines run well with a CN frofh té 55. Fuels with higher cetane
number which have shorter ignition delays provideertime for the fuel combustion process to
be completed. Hence, higher speed diesels opemate effectively with higher cetane number
fuels. There is no performance @nissionadvantage when the CN is raised past approximately
55; after this point, the fuel's performance hitslateau. In North America, diesel at the pump
can be found in two CN ranges: 40-46 for regulasdi, and 45-50 for premium. Premium diesel
may haveadditivesto improve CN andubricity, detergentsto clean thefuel injectorsand
minimize carbondeposits, water dispersants, and other additiepsmtling on geographical and
seasonal needs.

In Europe, diesel cetane numbers were set at amamiof 49 in 1994 and 51 in 2000.

Dimethyl ethermay prove advantageous as a future diesel fuél lass a high cetane
rating (55) and can be produced dsdcuel.
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Alkyl nitrates anddi-tert-butyl peroxideare used as additives to raise the cetane number.

Comparison to octane rating

Cetane rating of diesel is not equivalent to gasdioctane rating This is because
gasoline's desirable property is to resist auttigmito preventengine knockingvhereas diesel's
desirable property is to autoignitd.

Chemical relevance

Cetaneis an alkane molecule that ignites very easily under compression, swas
assigned a cetane number of 100. All otfigirocarbonsn diesel fuel are indexed to cetane as
to how well they ignite under compression. The metaumber therefore measures how quickly
the fuel starts to burn (auto-ignites) undersel engineonditions. Since there are hundreds of
components in diesel fuel, with each having a diifié cetane quality, the overall cetane number
of the diesel is the average cetane quality afr@lcomponents. There is very little actual cetane
in diesel fuel.

Measuring cetane number

To measure cetane number properly is rather diffiag it requires burning the fuel in a
special, hard-to-find, diesel engine called a Coajpee Fuel Research (CFR) engine, under
standard test conditions. The operator of the CR&ne uses a hand-wheel to increase the
pressure within the cylinder of the engine untg time between fuel injection and ignition is
2.407ms. The resulting cetane number is then atlediby determining which mixture oétane
(hexadecaneandisocetane(2,2,4,4,6,8,8-heptamethylnonane) will result lve same ignition
delay.

Another reliable and more precise method of meaguhe cetane number of diesel fuel
is the Ignition Quality Tester (IQY). This instrument applies a simpler, more robysiraach
to CN measurement than the CFR. Fuel is injectemlanconstant volume combustion chamber
in which the ambient temperature is approximatély°&. The fuel combusts, and the high rate
of pressure change within the chamber definesttré &f combustion. The ignition delay of the
fuel can then be calculated as the time differdreteveen the start of fuel injection and the start
of combustion. The fuel's derived cetane number tb@m be calculated using an empirical
inverse relationship to ignition delay.

Another method that fuel-users control qualityysusing theCetane indeXCl), which is
a calculated number based on tlensityand distillation range of the fuel. There are vasi
versions of this, depending on whether you use ime&r Imperial units, and how many
distillation points are used. These days nmdstompaniesise the '4-point method'. However, CI
can not be used with cetane improver additives.

The industy standards of measuring cetane numb&siM D-613 (ISO 5165) and D-
6890.
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