Internal Combustion Engines

I. Introduction. 2. Comparison of Steam Engines and internal Combustion Engines. 3.
Classification of 1.C. Engines. 4. Main Components of I.C. Engines. 5. Sequence of Operations in a Cycle,
6. Two-stroke and Four-stroke Cycle Engines. 7. Advantages and Disadvantages of Two-stroke over
Four-stroke Cycle Engines. 8. Valve Timing Diagrams. 9. Four-stroke Cycle Petrol Engine. 10. Actual
Indicator Diagram for a Four-stroke Cycle Petrol Engine. 11. Valve Timing Diagram for a Four-stroke
Cycle Petrol Engine. 12. Four-stroke Cycle Diesel Engine. 13. Actual Indicator Diagram for a
Four-stroke Cycle Diesel Engine. 4. Valve Timing Diagram for a Four-stroke Cycle Diesel Engine. I3.
Four-stroke Cycle Gas Engines. 16. Comparison of Petrol and Diesel Engines. 17. Two-stroke Cycle,
Petrol Engine. 18. Actual Indicator Diagram for a Two-stroke Cycle Petrol Engine. 19. Valve Timing
Diagram for a Two-stroke Cycle Petrol Engine. 20. Two-stroke Cycle Diesel Engine. 21. Actual Indicator
Diagram for a Two-stroke Cycle Diesel Engine. 22. Valve Timing Diagram for a Two-stroke Cycle Diesel
Engine. 23. Scavenging. 24. Types of Scavenging. 25 Detonation in 1.C. Engines. 20. Rating of S1.-
Engine Fuels-Octane Number. 27. Rating of C.1. Engine Fuels-Cetane Number. 28. Ignition Systems for,
Petrol Engines. 29. Coil Ignition System. 30. Magneto Ignition System. 31. Fuel Injection System for
Diesel Engines. 32. Cooling of I.C. Engines. 33. Cooling Systems for 1.C. Engines. 34. Comparison of
Air Cooling and Water Cooling Systems. 35. Supercharging of 1.C. Engines. 36. Methods of
Supercharging. 37. Lubrication of 1.C. Engines. 38. Lubrication Systems for I.C. Engines. 39. Governing

of I.C. Engines. 40. Methods of Governing 1.C. Engines. 41. Carburettor. 42. Spark Plug. 43. Fuel Pump.
44. Injector or Atomiser.

26.1. Ini’rmluclion

As the name implies or suggests, the internal
engines) are those engines in which the combustion of fuel takes place inside the engine cylinder.
These are petrol, dicsel, and gas engines. We have seen in steam cngincs or steam turbines that the
fuel, fed into the cylinder, is in the forin of steam which is alrcady heated {or supqrheated). and is
ready for working inthe combustion cycle of the engine. But, in case of intertlal combustion engines,

the combustion of fuel takes place inside the engine cylinder by a spark and produces very high
temperature as compared to steam engines.

The high temperature produced may ruin the metal of cylinder, valves, etc. It is, therefore,
necessary to ahstract some of heat from the engine cylinder. The abstraction of heat or the cooling of

cylinder may be effected by the surrounding air as in case of a motor cycle or acroplane engine; of

by circulating water through jackets surrounding the cylinder barrel and cylinder head. The water
cooling is mostly adopted for large pistons.

combustion engines (briefly written as L.C.

26.2. Comparison of Steam Engines and Internal Combustion Engines ’

Following points are important for the comparison ofstcam engines and internal combustion
engines. : : .

SR?
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[.C. Engines

The combustion of fuel take  lace inside (e
engine cylinder.

r.rs, No Steam Engines

[ The combustion of fuel takes place outside the
engine cylinder (i.e. in a boiler)
Since combustion of fuel tak  nlace inside the

2. Since combustion of fuel takes place outside the | .
engine cylinder, these engine. e very noisy.

enginc cylinder, therefore these engines are
smooth and silent running.
The working pressure and (¢ perature inside

3. The working pressure and tlemperature inside _
the cylinder is very high.

the engine cylinder is low.

4, Because of low pressure and temperature,| Because of very high pressure «d temperature.
ordinary alloys are used for the manufacture of | special alloys arc used for th. nanufucture of
engine cylinder and its parts. engine cylinder and its parts.

S. A steam cnginc requires a poiler and other| Anl.C.enginc does notrequirc - boiler or other

components (o transfer energy. Thus, itis heavy| components. Thus, itis light 2+ | compact.
and cumbersome,

6. The stecam engines have efficiency about 15-20{ The L.C. engincs have efficici v about 35-40)
percent. percent.
It can not be started instantancously. It can be started instantaneous |

26.3. - Classification of I.C. Engines

The internal combustion engines may be classified in many ways, but the  ollowing are
mporiant from the subject point of view : ,. .
1. According to the type of fuel used
(G) Petrol engines, (b) Diese! engines or oil engines, and () Gas engines
2 According to the method of igniting the fuel
(a) Spark ignition engines (briefly written as S.I. engines), (b) Compr. sion ignition
engines (briefly written as C.I. engines), and (c) Hot spot ignition englm
3. According to the number of strokes per cycle
(a) Four stroke cycle-engines, and (b) Two stroke cycle engines.
4. According to the cycle of operation _
(a) Otto cycle (also known as constant volume cycle) engines, (b) Dic- | cycle (also
known as constant pressure cycle) engines, and (c) Dual combustion cycl (also known
. as semi-diesel cycle) engines.
5. According to the speed of the engine
(a) Slow speed engines, (b) Medium speed engines, and (¢) ngh speed e ines. .
6. According 1o the cooling system

(a) Air-cooled engines, (b) Water<ooled engines, and {c) Evaporative co. 'ing engines.
1. According to the method of fuel injection

(a) Carburcttor engines, (b) Air injection engines, and (¢) Airless or « id injection
engines.
8. According 1o the number ofc'_}hmh rs

(a) Single cylinder engines, and (b) Multi- -cylinder engines.
9. According to the arrangement of cylinders

* (a) Vertical engines, {b) Horizontal engines, (c) Radial engines, (d) In-line t lti-cylinder
engines, (¢)V-lype mulu-cylmdt_renbn s, {f) Opposite-cylinder engines, . 1 (¢) Oppo
Site- -piston engines.
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he valve mechanisn

ing lo! L
o giERRae and (b) Side valve engines.

() Overhead valve engines,
11, According to the method of governing . i A, e Bl
ines : atvely g
' 1SS -rned engines, (b) uanti
() Hit and miss governe |

fatively gavered engines.

364 Main Components of 1.C. Engines

r of fact, an 1.C. engine consists of hlm(?r
all these parts is be !
om academic point of view,

eds of different parts, which are important
yond the scope of this book. However,
are shown in Fig. 26.1 and

As amatte £n .
for its proper working. The description of
the main components, which are important fr

are discussed below

Spark plug . S
— 0 _;;’\O,_.D .
HIi :;':__. Valve spnng
Inlet manifold = e |___ Exhaust manifold
NN &Ll ——— Exhaust valve
Inlet valve N L
K| L‘ N
- BIGY N NI
£ 11 HN | )
Cylinder ‘it s Q::, ____Piston rings
? \ \f .« — Push rod
. : ~ + Water jackel
Gudgeon pin 3 e O PR )
\\K l, ,’ - \\:‘ Piston
&s& N .

—Cam
Connecling rod — Crank shatt

Crank pin “~Crank case

Crank

Fig.26.1. Main cofnponcnls of L.C. engines.

. Cylinder. 1tis one of the most important part of the engine, in \:vhich the pist )
to and fro in order to develop power. Generally, the engine cylindcr{l?ms tlo withstand E‘Sv Bt
(more than 50 bar) and temperature (more than 2000°C). Thus the materials f e l'bh i
shogld be suph that it can retain sufficient strength at such a high |;rcssur S Sl e
ordinary engines, the cylinder is made of ordinary cast iron. But for heav :l: o lef"PCl’?ll.JTQ- .
of steel alloys or aluminium alloys. In case of multiple cylinder engines )’ ‘ut.y cngm?s‘ ¢ is o
block known as cylinder block, "BIRES. the eylinders S EALO

Sometimes, a liner or sleeve is inserted
out. As the ateriaf required for liner is comp
long life and sufficient resistance to rapid we

2. Cylinder head. 1tis fitted on one en of the ¢cyli
cylinder bore. Generally, the cylinder head contains injey '1:(1 l
and exhausting the burnt gases. In petrol ¢ iy

igniting the fuel-air mixture, towards the en
head contains nozzle (i.e. fuel valve) for i

Into the cylinder, which can
aratively siall, it can be iy
arand tear to the f

be replaced when wom
ade of alloy cast jron having
WStmoving rcciprocating parts.

s a cover to close the
s for admitting fresh charge
50 Contains a spark plug fof

ndiesel enpj o
i . Ine [
Lino the cylinder. _g s, the cylinde

der, and acts
. xit valve
ngines, the cylinder head g
QOff:omprcssiun stroke. But i

mjecung the fuc
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he cylinder head is, usually, cast as one piece and bolted (o one end of the cylinder. Gcnur;.\\]
the cyhnder block and cylinder head are made from the same material. A Copper o Asbestos gasky,
i« provided between the engine cylinder and cylinder head to make an air-tight joint.,

¥ Piston. Ttis considered as the heart of an .C. engine, whose main function is to transmit

the force exerted by the burning of charge to the connecting rod. The pistons are generally made of
alurminmum alloys which are lightin weight. They have good heat conducting property and also greater

strength at higher temperatures.

4 Pistonrings.  These are circular rings and made of special steel alloys which retain elastic
propertics cven at high temperatures. The piston rings are housed in the circumferential grooves
provided on the outer surface of the piston. Generally, there are two sets of rings mounted for the
piston. The function of the upper rings is to provide air tight seal to prevent leakage of the burnt gases
into the lower portion, Similarly, the function of the lower rings is to provide effective seal to prevent
leakage of the oil into the engige cylinder.

S Comnecting rod. |t s a link between the piston and crankshaft, whose main function is
to transmit foree from the piston to the crankshaft, Moreover, it converts reciprocating mtion of the
piston into circular motion of the crankshalt, in the working stroke. The upper (i.e. smaller) end of
the connecting, rod is fitted (0 the piston and the lower (i.¢. bigger) end to the crank,

The special steel alloys or aluminjum alloys are used for the manufacture of connecting rols.
A special care is required for the design and manufacture of connecting rod, as it is subjected to
alternatively compressive and tensile stresses as well as bending stresses.

0. Crankshaft. 1t is considered as the backbone of an L.C. engine whose function is to
convert the reciprocating motion of the piston into the rotary motion with the help of connecting rod.
This shaft contains one or more cccentric portions called cranks. That part of the crank, to which
bigger end of the connecting rod is fitted, is called crank pin.

It has been experienced that oo tany main bearings create difficulty of correct alignment.
Special steel alloys are used for the nanufacture of crankshaft. A special care is required for the
design and manufacture of crankshaft, :

1. Crank case.  1tis a cast iron case, which holds the cylinder and crankshaft of an I.C.
engine. It also serves as a sump for the lubricating oil. The lower portion of the crank case is known
as bed plate, which is fixed with the help of bolts.

8. Flywheel. Ttisabig wheel, mounted on the crankshaft, whose function is to rmaintain its
speed constant. [t is done by storing excess energy during the power stroke, which is returned during

other strokes.
26.5. Scequence of Operations in a Cycle
Strictly speaking, when an engine is working continuously, we may consider a cycle starting
from any stroke. We know that when the engine returns back to the stroke where it started we say
that one cycle has bden completed.
The readers will find different sequence of operations in different books. But in this chapter,
we shall consider the following sequence of operation in a cycle, which is widely used.

I Suction stroke.In this stroke, the fuel vapour in correct proportion, is supplied to the

engine cylinder. _
Compression stroke.  In this stroke, the fuel vapour is compressed in the engine cylinder.

. Ioxpansion or working stroke.  In this stroke, the fuel vapour is fired just before the
compression is complete. It results in the sudden rise of pressure, due to expansion of the combust:on
prbducls in the engine cylinder. This sudden rise of the pressure pushes the piston with a great force,

and rotates the crankshaft. The crankshaft, in turn, drivesthe machine connected to it.
4. Exhawst stroke.  In this stroke, the bumnt gases (or combustion products) are exhausted

from the engine cylinder, so as to make space available for the fresh fuel vapour,

2.
3
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Note : The above mentioned strokes
Is sucked in suction stroke which i
the engine cylinder (Just be
the cylinder. The exp

are meant for gas

and petrol engines. But in case of diesel engines, pure aje
compressed dunn

2 the compression stroke, The diesel oil is admiticd into
. fore the l\‘gmnmg of the expansion stroke) and it is ipnited by the hotair present in
ansion and exhaust strokes are similar (o the pas and petrol engines.

26.6. Two-stroke and Foursstroke Cycle Engines
In a two-stroke engine, the w

revolution of the crankshaft This is
10 one stroke (or more

orking. cycle is completed in two strakes of the piston or one
achieved by canying out the suction and compression processes
precisely ininward stroke), expansion and exhaust processes in the second
stroke (or more precisely in outward stroke). In a four-stroke engine, the working cycle is completed
in four-strokes of the Piston or two-revolutions of the crankshaft. This is achicved by carrying out
suction, compression, expansion and exhaust processes in cach stroke.

Towill be interesting to know that from the thermodynamic pointof view, there is no difference
between two-stroke and four-stroke cycle engines. The difference is purely mechanical.
26.7.  Advantages and Disadvantage of Two-stroke over Four-stroke Cycle Engines
Following are'the advantages and disadvantages of two-stroke cycle engines over four-stroke
Sycle engines ¢
Advantages

- I A two stroke cycle engine gives twice the number of power strokes than the four stroke

cyele engine at the same engine speed. Theorelically, a two-stroke cycle engine should de velop twice
the power as that of a four-stroke cycle engine. But in actual practice, a two-stroke cycle engine
develops 1.7 10 1.8 times (greater value for slow speed engines) the power devcloped by tour-stroke

ytic engine of the same dimensions and speed. This is due to lower compression fatio and eftective
trok.e being less than the theoretical stroke.
)

v N

For the same power developed, a two-stroke cycle engine is lighter, less bulky and
occupies less floor area. Thus it makes, a two-stroke cycle engine suitable for mari

ne engines and
other light vehicles.

3. As the number of workin

g strokes in a two-stroke cycle engine are twice than the
four-stroke cycle engine,

so the turning moment of a two-stroke cycle engine is more uniform. Thus
itmazkes 2 two-stroke cycle engine to have o lighter flywheel and foundations. This also leads to a

hagher mechanical efficiency of a two-stroke cycle engine.

4

Theinitial costof atwo-stroke cycleengine is considerably less than
5. Themechanismofat
6.

afour-strokecycle engine.
wo-stroke cycle engine is imuch simpler than a four-stroke eycle engine.

The two-stroke cycle engines are much easier 1o start,
Disadvantapes

b Thermal efficiency of atwo-stroke cycleengine is less than that a four-stroke cycleengine,
because s two-stroke cycle engine has less compression ratio than that ol a four-stroke cycle engine.
y ol atwo-stroke cycle engine

ke cycele, inlel

| 2 ()-.;cfull elficienc is also less than that of a four-stroke cycle
engine because in u two-siro and exhaust ports remain open simultanevusly for some
tme. Inspite of corefyl desipn, o small Quantity of charpe is lost from the engine cylindey.
_ 3. Incase of a two-stroh e cycle enpine, the nomber of power strokes are (wice as those of a
l.tm_r-s;lrol-;c cycle enpine. Thus the capuacity of he coaling sy
limit, the cooling Capacity of fery

stemmust be higher. Bevond a certain
b a considerable

! / (llll]L‘lllly. Morcover, there is preater swea and tear
matwo-stroke cycle engine,

4, The CONSuUMm

. ption of Iulzricn!inp_ il is larpe
operating temperature,

I a two-stroke cycle engine because of high
5. The exhaust gases in
available for thejr exhaust.
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26.8. Valve Timing Diagrams
A valve timing diagram is a graphical representation of the exa

- of operations, at which the two valves (i.e. inletand exhaust valves Y oper ind close as well o g
shalt, Here wa

of the fuel. Itis, generally, expressed in terms of angular positions of th
discuss theoretical valve timing diagrams {or four stroke and two stroke

. Theoretical valve tming diagram for four
stroke cvele engine. The theoretical valve tming dia-
eram for a four-siroke cyele engine is shownin Fip. 26.2
[n this diagram, the inlet valve opens at A and the suction
takes place trom A4 o 8. The crankshalt revolves through
{807 and the piston moves from T.0.C o B.D.C. AL B, the
inlet valve closes and the compression takes place from 5
to C. The crankshaft revolves through 1807 and the piston
moves from 5.0.C. w0 T.0.C. At C the fuel is fired and the
expansion takes place from € to O. The crankshaft re-
voives through 180% and the piston again moves from
T0C w B8.D.C. AL D, the exhaust valve opens and the
exhaust takes place from D to £. The crankshaft again
revolves through 180° and the piston moves back to T.0.C.

Fig. 26.2. |

Note:  In four-stroke cydle, the crank revolves through two revolutions.

2. Theoretical valve tming diagram for nwo-stroke cycle engin
uming diagram for a {wo-stroke cycle engine is shown in FFig. 26.3. In thi-
zt A and the expansion of gases takes place from A to B. The
crankshafl revolves through approximately 120° and the
pls':n moves {rom 7.D.C. towards B.D.C. At B, both the

zives open and suction as well as exhaust take place from
210 C The crankshaft revolves through approximately 120°
trhe prston moves first to BDC and then little upwards.
£ both the valves close and compression takes place
C 10 A. The crankshaft revolves through approxi-
i 20" and the piston moves to T.D.C.

{fe
6'2‘0?
&
@)

MNotez 1 1. Ina two stroke cycle, the crank revolves through one C

other hooks having shlight difference in the angles. This is due (o
the differcnt engine speed and the manufacturer's design. How-
ever, in this book, the authors have given the diagrams which arce _
widely used Fig. 263, |

L

26.9. Four-stroke Cycle Petrol Engine

Itis also known as Ouo cycle”. It requires four strokes of the piston v complete one oy le ol
operation in the engine cylinder, The (our strokes of a petrol engine suckin  (uel-air muxture (petiol

mixed with proportionate quantity of air in the carburettor known as chary

. Suction or charging stroke.  In this stroke, the nlet valve o
into the cylinder as the piston moves downward from top dead centre (771
piston reaches its bottom dead centre (B.0.C)) as shown in I 1 26.4 ().

—

1 3

In 1978, Doctor Otto, a German engineer devised an engine working on th
of air standard efficiency of Otto cycle has been discussed i Chapter O
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Compression stroke.  In this stroke, both the inlet and exhaust valves are closed and the

'€ s compressed as the piston moves upwards from B.D.C.1o T°0.C. As a result of compression

nressure and temperature of the charge increases considerably (the actual values depend upon the

spression rithio). This completes one revolution of the crankshalt. The compression stroke 1s showp
. 26.4 (b).

Spark plug i/
Exhaust Q
I'nlel.\ O-J/ Iﬁ L. 0.1 7
valve -‘_[ n  valve : m :
RGN . — 1§
o =]
O
”
(@) Suction or (b) Compression (c) Expansion or (d) Exhaust
charging stroke. _ stroke. working stroke. stroke.

Fig. 26.4.  Four-stroke cycle petrol engine

3. Expansionor working siroke.  Shortly before the piston reaches 7.D.C. (during compres-
stroke), the charge is ignited with the help of a spark plug. It suddenly increases the pressure and
perature of the products of combustion but the volume, prictically, remains constant. Duc to the
i pressure, the piston is pushed down with a great foree. The hot burnt gases expand due 1o high
‘d of the pruwon. During this expansion, some of the heat energy produced is tramsformed into
hanical work. It may be noted that during this working stroke, as shown in Fig. 26.4 (¢), both the
ves are closed and piston moves from T7.D.C. to B.D.C. :

4. Exhaust stroke.  In this stroke, the exhaust valve is open as piston moves from B.D.C. to
" C. This movement of the piston pushes out the products of cm'nhuslion from the engine cylinder
I are exhausted through the exhaust valve into the atmosphere, as shown in Fig. 26 4 (d). This
npletes the cycle, and the engine cylinder is ready to suck the charge again.

te + The four stroke cycle petrol engine are usually employed in light vehicles such as cars, jeeps and
planes.

. 10. Actual Indicator Diagram for a Four-stroke Cycle Petrol Engine

The actual indicator diagram for a four stroke cycle petrol engine is shown in Fig. 26.5. “The
tion stroke 15 shown by the line 1-2, which lies below the atmospheric pressure line. It is this
sure difference, which makes the fuel-air mix-
“to flow into the engine cylinder. The inlet valve
rs some resistance to the incoming charge. That
‘hy, the charge can not enter suddenly into the
e cylinder As aresult of this, pressure inside
cylinder remmns somewhat below the atmos-
(¢ pressure during the suction stroke. The com-
ston stroke 15 shown by the line 2-3, which
ws that the et valve closes (/1VC) a little be-
2 (f.e. BDC). Atthe end of this stroke, there is 1:Evc
mcrease in the pressure inside the engine cylin- \
Shortly before the end of compression stroke '
TDC), the charge is ignited (/GN) with the help ——iNalime = B.D.C.
park plug as shown in the figure. The sparking '
lenly increases pressure and temperature of the

O

- —

— Pressure ———

12

Suction [ Atm. |
pressure |

Fig.26.5. Acwal indicator diagram for a four
stioke cycle petrol-engine,
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products ot combustion. But the volume, practically, rem _
_in which the exit
atmosphere throug

valve opens ([;‘VO) a little before 5 (i
h the exit valve. The exhaust
¢ line. Itis this pressure
e exit valve offers some

gxpansion siroke is shown by the ling 4-5
EDC). Now the burnt gases arc L\hmmcd into the

stroke’is shown by the line 5-1, which lies above the atmospheric pressur
enginc cylinder. Th

ases can not escape suddenly from the
linder remains somewhat above the

difference, which makes the burnt gases to flow out of the
resistance (o the outgoing bumt gases. That is why the burnt g
engine cylinder. As a result of this, pressure inside the cy
atmospheric pressure line during the exhaust stroke.
26.11. Valve Timing Diagram for a Four-stroke Cycle Petrol Engine

[n the valve timing diagram, as shown in Fig. 26.6, we see that the inlet valve opens before
the piston reaches 7DC ; or in other words, while the piston is still moving up before the beginning
of the suction stioke. .\m\ the piston reaches the TOC and the suction stroke starts. The piston reaches
the 8DC and then starts moving up. The inlet valve closes, when the crank has moved a little beyond
the BDC. This is done as the incoming charge continues o flow into the cytinder although the piston
is moving upwards from BDC. Now the charge is compressed (with both valves closed) and then
ignited with the help of a spark plug before the end of compression stroke. This is done as the charge

‘
TDC : Tol:;.dcad centre
BDC : Bollom dead centre
IVO : Inlet valve opens (10°-20° before TDC)
IVC : Inlet valve closes (30°- 40° after BDC)
IGN : Ignition (20°-30° before 7DC)

| EVO : Exit valve opens (30°-50° before BDC)

EVC : Exit valve closes (10%15° after 7DC)

Fig. "6.(: Valve uming diagram for a {our stroke cycle petrol engine. o

requires some lime to ignite. By the time, the piston reaches 7DC, the burnt gases (under high pressure
and temperature) push the piston downwards with full force and the expansion or working stroke
takes place. Now the exhaust-valve opens before the piston again reaches 8DC and the burnt £ases
start leaving the engine cylinder. Now the piston reaches BDC and then starts moving up, thus
performing the exhiaust stroke. The inlet valve opens before the piston reaches TDC to start suction
stroke. This is done as the fresh incoming charge helps in pushing out the burnt gases. Now the piston
again reaches TOC, and the suction stroke starts. The exit valve closes alter the crank has moved a
little beyond the 7DOC. This is done as the burnt gases continue to leave the engine cylinder although
the piston is moving downwards, [t may be noted that for a smali fraction of a crank revolution, both
the inlet and outlet valves are open. ‘This Ls known as valve overlap.
26.12. Four-stroke Cycle Diesel Engine

It is also known as compression ignition engine because the ignition takes place due to the
heat produced in the engine cylinder at the end of compression stroke. The four strokes of a dicsel
engine sucking pure air are described below

|.  Swuction or charging stroke. In this stroke, the inlet valve opens and pure air is sucked

into the cylinder as the piston moves downwards from the top dead centre (7DC). Tt continues till the
-~ piston reaches its bottom dead centre (BDC) as shown in Fig. 26.7 (a).

‘8 www.Jntufastupdates.com
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r N ; .
Compression stroke. 1In this stroke, both the valves

4s the pas

» l\'c‘ps.-lor.l moves upwards from BDC 1o TDC. As
. 1€ ar increases considerably (the actu
tomplees one revolution of the

are closed and the air is compresseq
aresult of compression, pressure and temperature
al value depends upon the compression ratio). This
crank shaft. The compression stroke is shown in Fig. 26.7(b).
Fuel injection valve

{ Exhausl

Inlel
valve 1 valve ..].” |

U

o o
(@) Suction or (b) Compression (c) Expansion or (d) Exhaust
charging stroke. stroke. working stroke. - stroke.

ffig. 26.7. Four stroke cycle diesel engine.

3. Expansion or working stroke. Shortly before the piston reaches the TDC (during the
compression stroke), fuel oil is injected in the form of very fine spray into the engine cylinder, through
the nazzle, known as fuel injection valve, At this moment, temperature of the compressed air s
sufficiently high to ignite the fuel. It suddenly increases the pressure and temperature of the products
of combustion. The fuel oil is continuously injected for a fraction of the revolution. The fuel oil is-
assumed to be burnt at constant pressure. Due to increased pressure, the piston is pushed down with™~
a greatforce. The hot burnt gases expand due to high speed of the piston. During this expansion, some
of the beat energy is transformed into mechanical work. It may be noted that during this working
stroke, both the valves are closed and the piston moves from 7DC to BDC. '

4. Exhaust stroke. In this stroke, the exhaust valve is open as the piston moves from BDC
to TDC This movement of the piston pushes out the products of combustion from the engine cylinder
through the exhaust valve into the atmosphere. This completes the cycle and the engine cylinder is
ready wsuck the fresh air again.

Note : The four stroke cycle dicsel engines arc generally employed in heavy vehicles such as buses, trucks,
tractors, pumping sets, diesel locomotives and in carth moving machinery.

26.13. Actual Indicator Diagram for a Four Stroke Cycle Diesel Engine

The actual indicator diagram for a four-stroke cycle
dicsel eagine is shown in Fig. 26.8. The suction stroke is

shown by the line 1-2 which lies below the atmospheric p ;j
pressureline. It is this pressure difference, which makes the 3 =
fresh air to flow into the engine cylinder. The inlet valve l E
offers same resistance 10 the incoming air. That is why, the o }:3
air can ot enter suddenly into the engine cylinder. As a result 3 EVO ”'3
of this,pressure inside the cylinderr_emains somewhal below IVO Exhauslt 5 ::_\1_
the atmospheric pressure during the suction stroke. The & | _o——— . — :ﬂ
compression stroke is shown by the line 2-3, which shows l "F_VC Suction _,2 R
that theinlet valves closes (/VC) a litleeyond 2 (i.e. BDC). | A",?féi‘éﬂ?é‘“ ::’
At the end of this stroke, there is an increase of pressure J —
inside e engine cylinder. Shortly before the end of com- s T, — B.DC &
pressioa stroke (i.e. TDC), fuel valve opens (FVO) and the 3

fucl is mjected into the engine cylinder. The {uel is ignited

- . Fig. 26 8. A¢tual indicator diagram for a
by high temperature of the compressed air. The ignition

four struke cycle diesel engine.
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uddenly increases volume and temperature of the products of combu von. But the presnic,
pructic:llly, remains constant as shown by the line 3-4. The cxpansion stroke — shown by the e b
in which the exit valve opens aditde betore 5 (e BDC). Now the burnt gaeare exhausted o the
~ymosphere through the exhaust valve, The exhaust stroke 1y shown by the T ST whieh e ahe
(he atmospheric pressare line, 10is this pressare ditference, which makes th Hhurnt gases to Hose e
ol the engine eylinder, The exhaust valve offers some resistance tothe outs e buint vase . T
why, the burnt pases can not escape suddenly from the engine cylinder. A result ol thee pue o
inside the eyhinder remains somewhat above the atmospheric pressure duree the exhaust by
36,14, Valve Timing Diagram for a Four-stroke Cyele Dicsel Engine

In the valve tuming diagram as shown in Fig, 209, we see thatthe int - valve opens et |

piston reaches JOC ; or i other words while the piston is soll moving up be e the bepinmn ot
weton stioke. Now the piston teaches the 7OC and the suction stroke start— The prston e b
BDC and then starts moving up. The inlet valve closes, when the crank has o veda hittle bevond

TDC : Top dead centre
BDOC : Bottom dead ce
VO : Inletvalve opens. 07 - 20" before 1106

[VC : Inlet valve closes 5" - 40" alter /1100

FVO - Fuel valve opens 107 - 157 betare 1740

FVC: Fuel valve close: 157 - 207 atter 100

EVO : Exhaust valve or 15 (39" - SO bejoee S

EVC: Exhaustvalve ¢f s (107 - 157 o £4

Fig. 20.9. Valve timing diagram for a four strohe cycle diesel o ine

FDC. This is done as the incoming air continues to flow into the cylinderalthehithe prstoni oo
upwards om BDC. Now the air is compressed with both valves closed T [ valve opoa e
before the piston reaches the TDC. Now the fuel is injected in the form ol ry Hine spray o
engine cylinder, which gets ignited due to high temperature of the compr odaie. The toc vl
closes after the piston has come down a little from the TDC. "This is done a- e required gt o
fuel is injected into the engine cylinder. The burnt gases (under high pressu ind temperature ) e
the piston downwards, and the expansion or working stroke takes place. Now e exhiaustyabve ope
before the piston again reaches B0C and the burnt gases start leaving the ¢i e eyhinder Now (he
- piston reaches BOC and then starts moving up thus performing the'exhaus' troke The fet vl
opens before the piston reaches TDC to start suction stroke. This is done  the fresh e hielp s
pushing out the burnt gases. Now the piston again reaches 7DC, and the suc on stats, The exha |
valve closes when the crank has moved a little beyond the TDC. This is < ne as the burnt e
Continue o Jeave the engine cylinder although the piston is moving downw

s.
26.15. Four-stroke Cycle Gas Engines

A four stroke cycle gas engine, as the name indicates, uses natural oi - nutactured e o
working fuel and works on Otto cycle. All the mechanical features of a gar agine are the e
those of a petrol engine. The ignition system, which usually consists nt'sp:ﬁ L g, isthe same it boh
the gas and petrol engines. The working of a gas enpine on p-o diagram is « - ctly sinilar 1o ihat ot

the petol engine. The valve timing diagram for a four stroke cycle engine 1 150 exactly s o

that of ABeteol enoine www.Jntufastupdates.com .

Scanned by CamScanner



The only difference between a gas engine and a etr
- a petrol engine, a mixture of petrol and air is sgckcd inside ! .
roke. But in a gas engine, gas and air are supplied to the engine.
« calorific value of gas is considerably less th

petrol engine is fuel

an that of the petrol.

and the way it1s supplied,
le the engine cylinder during the suctiop
In most of the cases, the dCﬂSity
As a result of this, the cylinder

a pas engine is made larger than that of the petrol engine.

¢ 16. Comparison of Petrol and Diesel Enpines

No

! : : the compari “petrol engines
Following points are important for the comparison of petic leng

Petrol Engines

PSS

A petrol engine draws a mixture of petrol and air
dunny suction stroke.

The carburetior is employed to mix air and petrol
in the required proportion and to supply it to the
engine dunng suction stroke.

Pressure at the end of compression is about 10 bar.,

The charge (i.e. pc!rdl and air mixture) is ig‘niled
with the help of spark plug.

The combustion of fuel takes place approximately
at constant volume. In other words, it works on
Ouo cycle. '

A petrol engine has compression ratio
approximately from 6 to 10. )

The starting is easy due to low compression ratio.

Asthecompressionratio is low, the petrol engines
are lighter and cheaper.

The running cost of a petrol engine is high
because of the higher cost of petrol.

The muintenance cost is less.
The thenmal efficiency is upto about 26%.

Ovehceating trouble is more due 1o low thermal
efficiency.

These are high speed engines.

The petiol engines are generally employed in light
duty vehicles such as scooters, molorcycles, cars.

These are also used in acroplanes.

V.

- S —

and diescl engines :

P — SRS

Diesel Engines
T

A dicsel engine draws only air during suction

PR

stroke.
‘The injector or atomiscr is employed (o inject the-
fuel at the end of compression stroke.

Pressure at the end of compression isabout 35 bar,

The fuel is injected in the form of fine spray. The
temperature of the compressed air (about 600°C.
at a pressure of about 35 bar) is sufficicntly high;
to ignite the fucl. £

. The combustion of fuel takes place approximamly:

at constant pressure. In other words, it works on’
Dicsel cycle.

A dicsel cngine has compression ratio
approximately from 15 to 25. '

The starting is little difficult due to high
compression ratio. i

As the compression ratio is high, the diesel
engines are heavier and costlier. i

The tunning cost of diesel engine is low because
of the lower cost of diesel. ‘

The maintenance cost is more.
The thermal cfficiency is upto about 40%. 3

Ovcheating trouble is less due to high thermal -
efficicney. 5

2

b

2wk

These-are relatively low speed engines.

Bl

The diesel engines are genenally employed in

heavy duty vehicles like buses, trucks, and earth?
moving machines etc. 3

3
\

»

Two-stroke Cycle Petrol Engine

A two-stroke cycle-petrol engine was devised by Duglad Clerk in 1880 [

tion, compression, expansion and exhaust takes place during two strokes of iy
there is onc working stioke after every revolution of the crank sh |

's instead of valves. All the four stages of a two stroke petrol e

1. Suction siage.

In this stage, the piston, while going down toward
iransfer port und the exhaust port. The fresh fuel-air mixture flow

~rank case, as shown in Fig. 26.10 (@)ww.sntutastupdates.com

———— e

this cycle, the
‘ the piston. It means
shafl. A two stroke engine has
hgine are described below -

towards BDC, uncovers both
s nto the engine cylinder from
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Interncte U OB LHGTTTED ‘
i ile i -overs the tansfe
2 Compression stage.  In this stage, the piston, while rnov?ng up, ﬁrst‘ cove e sfer
l e fuel is compressed as the piston moves upwards as shown
1nd fresh fuel-air mixture enters into the crank case,
aches the TDC (during compression
idenly increases the pressure and

ort and then exhaust port. After that th
in Fig. 26,10 (b). In this stage, the inlet portopens
3. Ewansion stage.  Shortly before this piston re
stroke), the charge is ignited with the help of a spark plug. It St ot Due o rise
remperature of the products of combustion. But the volume, practically, remains LOflsldzn(. vy 'n.
in the pressure, the piston is pushed downwards with - great force as sﬁnwn in Fig. 20. ((‘). ’ jc
hot burnt gases expand due to high speed of the piston. During this expansion, some of the heatenergy
produced is transformed into mechanical work.

-Spark plug

| -~ /ﬂ\
¢ Exhause %
" porl W
Transfor ff ~7" o — =
por [ o Inle! ,7

f
o

. Bumep A R G B,
PLAS, v ]

() Suction (H) Compression, (¢} Expansion. (¢«N) Exhaust.
Fig. 26.10. Two-stroke cycle petrol engine.

_ 4. Exhaustsiage.  Inthis stage, the exhaust port is opened as the piston moves downwards.
The products of combustion, from the engine cylinder are exhausted through the exhaust port into
the atmosphere, as shown in Fig. 20.10 (). This completes the cycle and the engine cylinder is ready
to suck the charge again. : |
Note i The two stroke petrol engines are generally cmpon-cd in very light vehicles such as scoolers, motor cycles,
three wheelers and sprayers. '

26.18. Actual Indicator Diagram for a Two Stroke Cycle Petrol Engine

The actual indicator diagram for a two-stroke cycle petrol engine is shown in Fig 26.11. The
suction is shown by the linc 1-2-3, i.e. from the instant transfer port opens (TPO) and transfer port
closes (TPC). We know that during the suction stage, .
the exhaust port is also open. In the first half of
suction stage, the volume of fuel-air mixture and
bumnt gases increases. This happens as the piston
moves from 1102 (i.e. BDC). In the second half of
the suction stage, the volume of charge and burnt
gases decreases, This happens as the piston moves
upwards from 2 to 3. A little beyond 3, the gxhuust
port closes (£P°C) al 4. Now the charge inside the
- engine cylinder is compressed which is shown b.y the
line 4-5. At the end of the compression, there is an
increase in the pressure inside the engine cylinder.
Shortly before the end of compression (i.¢. TDC) the
charge is ignited (/GN) with the helf of spark plug
as shown in the_figure. The sparking suddenly in-
creases pressure and temperature of the products of
combustion. But the volume, practically, remains constant as shown by the line 5-6. The expansion
is «hown by the line 6-7. Now the exhaust port opens (EPO) at 7, and the burnt gases are exhausted

Pressureg —

Volume ———

Fig. 20.11.  Actual indicator diagram for a two
stroke cycle petrol engine. .

12 ' www.Jntufastupdates.com
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5. The rate of combusti : i
stion of that portion of the fuel which is the first to ignite. This portion

of the fucl in heating up, com
. ' presses the aing : ) .
auto-ignition [0 occur, remaining unburnt fuel, thus producing the conditions for

The detonation |
: in S _
airount of lend-ethide petrol engines can he suppressed or reduced by the addition of a small
or cthyl fluid to the fuel. This is called doping.

The fo ino are . .
following are the chicf effects due 1o detonation :

I. A loud pulsati i
: ulsating noise whi . p— .
5 An in“rE'l .3 ting noise which may be accompanied by a vibration of the cngine.
8 Ard crease f" the heat lost to the surface of combustion chamber.

. Anincrease in carbon deposits,

9 I e .
26.26. Rating of S.1. Engine Fuels--Octane Number

. Iu, hydrocarbon fuels used in spark ignition (S.1.) engine have a tendency to cause engine
XNOCK > . A . . . .

(\_L w.mn the engine operating conditions become severe. The knocking tendency of afuelinS.].
ane S e . ) .
engines is penerally expressed by its octane number. The percentage, by volume, of iso-octane in a

mixture of iso-octane and normal heptane, which exactly matches the knocking intensity of a given

fuel, in a standard engine, under given standard operating conditions, is termed as the octane number
ane and SO percent normal heptane maiches

rating of that fuel. Thus, if a mixture of 50 percent iso-0ct

the fuel under test, then this fuel is assigned an octanc qumber rating of 50. If a fuel matches in
knocking intensity a mixture of 75 percent iso-octanc and 25 percent normal heptane, then this fuel
would be assigned an octane nuimnber rating of 75. This octanc number rating is an expression which
indicates the ability of a fuel to resist knock in a S.I. enginc.

Since iso-octane is a very gooxd anti-knock fuel, therefore itis assigned a rating of 100 octane
number. On the other hand, normal heptane has a very poor anti-knock qualities, thercfore itis given
a rating of 0.(zero) octane number. These two fuels, i.e. iso-octane and normal heptane are known as
nce fuels. It may be noted that higher the octane number rating ot a fuel, the greater
and the higher will be the-compression ratio. Since the power owput

of compression ratio, therefore we may say that these are
ance of the octane

primary refere
will be its resistance to knock
and specific fuel consumption are functions
also functions of octane number rating. This fact indicates the extreme 1mport
qumber rating, in fuels for S.I. engincs.
26.27. Rating of C.I. Engine Fuels--Cetanc Number

The knocking tendency is also found in compression ignition (C.L) engines with an effect
mtof S.I. engines, but it is due to a different phenomenon. The knock in C.l. engines 1s
ally rapid combustion of accumulated fuel in the combustion
ausc of an ignition lag in the combustion-of the fuel between the

similar to tl
due to sudden ignition and abnorm

chamber. Such a situation occurs bec
time of injection and the actual buring.

The property of ignition lag is generally measured in terms of cetane number . 1tis defined as
the percentage, by volume, of cetane in a nfixture of cetane and alpha-methyl-naphthalene that
produces the same 1gnition lag as the fuel being tested, in the same engine and under the same

cr o ndiione [ . & 15aE i sile . R
operatifig, conditiong. For example, a [uel of cetane number S0 has the same ienition quality as a
mixture of 50 percent cetane and 50 percent alpha-methyl-naphthalene.

l nllf ['“&l)mtd Ili'th 15 ;‘lr‘l”gl”l‘-h in paraftin with good ignition quality is assigned a cetane
umber « and alpha-mcthyl-n: alene which is : $ I, iy
numbe ) ' alpha-methyl-naphthalene whichis a hydrocarbon with poor ignition quality, 1S
assigned a 0 (zero) cetane number.
Note : The knocking in C.1. engines may be controlled b Treasing ioniti

) N B - It y decreasing ienitton lag. The N IR z
the less is the tendency to knock. £l 2. The shorter the ignition 1ag.
26.28. Ignition Systems of Petrol Ingines

We have already discussed that the ignition in a petrol engine, takes place by means of a spark
plug at the end of- the compression stroke. The voltage required to produce a spark acr(.h's the gap
between the sparking points of a plug, is about 8000 volts. Thus, the ignition system in a pct.rol engine
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hactotaansiormithe normabbattery voltage (6 1o 12 volts) to 8000 volis. In addition to |

systetn b to piovide spark ineach eylinder at the appropriate time. Following two |
of petiel engines are important from the subject point of view :
L Cothiemition system, and 2. Magneto ignition system.

These ignition systeins are discussed, in detail, in the following pages :

16.29. Coil [gnition System

[t is also known as battery ignition system, and has an induction coil, which
coils known as primary and secondary coils wound on a soft iron core. as shown iq
pfimar_v coll consists of a few hundred turns (about 30 turns) of wire. Over this co
from 11, are wound several thousand turns (about 20,000 turns) of secondary coil. Th:
primary coil is connected to aignition switch, ammeter and battery generally of 61
end of the primary conl s connected to a condenser and a contact breaker.

Secondary winding
switch P Solt iron core

lgniion d ad  Distribu!

[ [ J-f”?g"'f‘—’il il

S R i ]

&

Pamary winding

Contacl
Lreaker

_—Cam 3

C) Ammeter

e + Condenser

Battery =L ' /
¥ E Spatk
Fig. 26.17. Coil ignition system

A condenser is connected across the contact-breaker for the following two rea

I [tprevents sparking across the gap between the contact breaker points

2. It causes a more rapid break of the primary current, giving a higher

secondary circuit,

The secondary coil is connected to a distributor (in a multi-cylinder engine)
terminal of the sparking plugs. The outer terminals of the sparking plugs are earthed
connected to the body of the engine.

When the cunient tlows through the primary coil, it sets up a magnetic field wi
woth the primsary and secondary coils. As the switch is on, the contact-breaker connec
_Thc magnetic field in coils has tendency to grow from zero 0 maximum value. Due -
Mihe magnetic field, a voltage is generated in both the coils, but opposite to the appl!
battery). Thus the prmary cotl does not give the final value. The voltagye in the sac:
therefore, not sulficient o overcome the resistance of the air gap of the sparking plug, b
OCcurs. '

When the current in the primary coil is switched off by the moving* cam, the 1
Eéncratcd around the conl collapses imrhedialely. The sudden variation of flux, whic!
Mohému generated in each coil. The value of the voltage depends up

A Tour lubed cam for four evlinder engine is an essential component of the make and bre
[Uis rotated at half the enyine speed.

14 www.Jntufastupdates.com
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B 1 ,;]\;”A actoss the i'ap,

' i “[ac . e pequired 1o produce ‘ ‘
s 1N e . a matter of Tact, the voltage req ) . . . 1S sever;
s il iy 00 to 20 000 volts, Since (e secondary coil his !

L rANee s pap of the
h voltage to overcome (he resistance ol the gap of the

1 distributor. It connects the sparking plugs in rolation
T nition of tuel takes place in all the enpine

(
ber cen the sparking points, is between 10 (')(
the and turns, so it develops a suflicient hig,
sp. hing plug. This high voltage then passes (o )
dep nding upon the firing order of the engine, lence, the 15
cy! nders,

, Aok tenition enpines suchas ip
The coil ipnition system is employe vy sprk 1 |

d in medium and he
cal
26 0. Magneto Ignition System

The magncto ipnition system, as shown in Fig. )

e reamnired  as S aeneto

th. ~fcoil ignition system, except that no battery 1s required, as the magn
Secondary  Conlacl Distributor
winding Lreaker

/ /

26.18, has the same principle of working ag
acts as its own generator,

——

/] LY '\Cam

Rotating Primary , Condenser [
permancnl - winding == =
0 magnel
2 j
T
_ Spark plug i i
Fig. 26.18. Magneto ignition system. TE . 5

It consists of either rotating magnets in fixed coils, or rotating coils in fixed magnets. The
cu  ntproduced by,the magneto is made to flow to the induction coil which works in the same way
as atofcoilignition system. The high voltage current is then made to flow to the distributor, which
ccccts the sparking plugs in rotation depending upon the firing order of the engine.

This type of ignition system is generally employed in small spark ignition engines such as
‘ers, motor cycles and small motor boat engines.

O

2¢ 1. Fuel Injection System for Diesel Engines

The following two methods of fuel injection system are generally employed with diesel
en nes (Le.compression ignition engines) :

I. Air injection method, and 2. Airless or solid injection meth.

These methods are discussed, in detail, as l'('JlIuws : '

I Airinjection method. In this method of fuel injection, a bl
to ject the fuel into the engine cylinder. This method requires the aid of an air compressor which is
di. nbytheengine crankshalt, The airis compressed atapressure higher than that of engine cylinder

s u ecylinge

at+ cendofits compression stroke. This method is not
) RALE used now-a-days because . _
ex, ‘nsive systen. : ) s¢ of complicated and

astof compressed air is used

2. Airlesy or solid injection method, The most moder compression ipnit ; _
no -a-days, the solid injection system, In this method, a separale 1‘u¢1L u 'E]"fllon‘ engines llb‘C.
cr. -hshaft is used for forcing the fucl. The luel is compressed in this pump lm-p [rfY.cn by. themet
th. of engine cylinder at the end of compression. This fuel under l|)rt'ssulic(z;l(?irr;}::btr;c hlgherl !.h::z

- . ~ sprayed in

15 www.Jntufastupdates.com
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the combustion chambe

. . ' 1 .
’ r of the engine cylinder at the end of compression stroke, with the help of an
imector. The solid inje

ction method may be further divided into the following two commonly used

systems. ., _Common ral  To other
: f . = i rs
(a) Comm(m ral system, and ll‘n]echon valve cylinde
) o
(&) Individual pump system, o RE
| These systems are discussed, in de- Cylindar Cylinder

tail, as below :

()  Common rail system. In the N l Fuel lina 1

common rail system, as shown in Fip. . E
26.19. a multi-cylinder high pressure pump

is used o supply the fuel at a high pressure
o acommon rail or header.,

Mulu cyhnder luel pump
L

Fie. 26.19. Common rail system.

The high pressure

_ i the common rail forces the fuel 1o each of the nozzle located in the
cylinders. The pre

e he pr ssute in this common rail is kept constant with the help of a high pressure relief

valve. A metere antity of fuel i< <iinnal: :

iy L|I'L(‘ quantity of fuel is supplied to cach cylinder through the nozzle by operating the
cctive fuel injec alve wi sl y - - — )

resp uet mjection valve with the help of cam-mechanism driven by the crankshaftof the engine.

-

Ay Injection valvc.\ \.‘Cyhnder
0 _ = :
;".:‘ % t
s '
Ly Fuel line
) P —a
N
Tt": ' | L Fuel pump-_s‘—‘a
o8,

hy Crank casce

Fig. 26,20, Individual pump system of fuel injection.

() Individual prenp systene. In the individual pump system, as shown in Fig. 26.20, each
cylinder of the engine is provided with an individual injection valve, a high pressure pump and a
metering device run by the crankshalt of the engine. The high pressure pump plunger is actuated by
acam and produces the fuel pressure necessary to open the injection valve at the correct time. The
amount of fuel injected depends upon the effective stroke of the plunger.

26.32. Cooling of L.C. Engines

We have already discussed that due to combustion of fuel inside the engine cylinder of 1.C.
engines, intense heat is generated. 1t has been experimentally found that about 30% of the heat
generated,is converted into mechanical work. Out of the remaining heat (about 70%) about 40% is
carried away by the exhaust gases into the atmosphere. The remaining part of the heat (about 30%),
if left un-attended, will be absorbed by engine cylinder, cylinder head piston, and engine valves etc.
It has also’been found that the overheating of these parts causes the following effects :

. The overheating causes thermal stresses in the engine parts, which may lead to their

distortion.

9 The overheating reduces strength of the piston. The overheating may cause even seizure

of the piston.

3.  The overhcating causes decomposition of the lubricating oil, which may cause carbon

deposit on the engine and piston head. :
~ The overheating causes burning of valves and valve scats.

5 The overheating reduces volumetric efficiency of the engine.s

¢, The overheating increases tendency of the detonation.
16 www.Jntufastupdates.com
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ystem I?Otrwrl‘J:r]lg'l\Lz;J“:llc ;;l\;izl::r:?ll,((':]t; gfo;/_crl?cialln:g. i 1\ very essential to provide some Fooling
characteristics {or its ¢(ﬁcicm worki‘n‘ _ ooling system provided should have the following twe
g
b 1tshould be capable of removing about 30% of the total heat generated in the combustion
chamber, It has been experienced that removal of more than 30% ol heat generated
reduces thermal efficiency of the engine. Similarly, removal of ess than 30% of the heay
generated will have some adverse effects as mentioned above.

2. It should be capable of removing heat at a fastrale, when the engine is hot. But at the time
of starting the engine, the cooling should be comparatively slow, so that the various
components of the engine attain their working temperaturce in a short time.

26.33. Cooling Systems for 1.C. Engines
- valves

We have already discussed, in the last article, //__\\

Head

the adverse eflects of ovetheating of an LC. engine

and characteristics of the cooling system adopted. The \\\\\\\

WONUNOOOUNON,

SONOORRY RN

R
Syt

following two systems are used for cooling the 1.C.
engines these days :

|, Air cooling system. The air cooling sys-
tem, as shown in Fig. 26.21, is used in the engines ol
motor cycles, scooters, aeroplancs and other station-
ary installations. In countries with cold climate, this
system is also used in car engines. In this system, the
heat is dissipated directly to the atmospheric air by
conduction through the cylinder walls. In order-to
increase the rate of cooling, the outer suriace arca of
the cylinder and cylinder head is increased by provid-
ing radiating fins and flanges. In bigger unils, fans are
provided to circulate the air around the cylinder walls
and cylinder head.

Fig. 26.21. Air cooling system

2. Water cooling system (Thermosyphon system of cooling).  The water cooling system as
shown in Fig. 26.22, is used in the engines of cars, buses, trucks etc. In this system, the water is
circulated through water jackets around each of the combustion chambers, cylinders, vatve seats and

Filler cap

' »“  Uppertank  Cylinder ' ' A

_ Radialor cores o Water
— U et
- | . 3

Air ] i 0 et Engine g

—_— Y - //—-——-—‘ ::j

— ! 1 &= = i

— —_— - - ‘.\-1? r I‘ :-é

—o = . __-] » -

xR Be=rl|HEN  NE NN BE 2

\._ Piston |

Lower tank E}

Drain plug ’ ‘3;'

R

Fig. 26.22. Water cooling system.
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wihve stems The water is kept continuously in motion by a centrifugal water |
by w Vebeltrrom the pulley on the engine crank shaft. After passing through th

cyhnder block and heads, the water is passed through the radiator. in the radiat
h‘v air drawn through the radiator by a fan. Usually, fan and water pump are m
1 .cnmmrm shaft. Alter passing through the radiator, the water is drained and «
pump through a cylinder inlet passage. The water is again circulated through !

26.34. Comparison of Air Cooling and Watcr Cooling Systems

The following points are important for the comparison of air coolin

np which is dhiven

ngine jackets in the

el

Nnon

the water 1s con
nted and don.
rvered o the water

engine jackets

and water cooline

systems. :
- SNo. Alr cooling system Water cooltii: stem
l. The design of this system is simple and less| The design of this syst: s complicaio,
costly. more costly.
& The mass of cooling system ( per b.p. of the| The mass of cooling sy m (per bp v
enpine) is very less, engine) is much more.
i The fuel consumption ( per b.p. of the enginc) is| The fuel consumption (= v.p. ol the cnpine )

morce.,

less.

-4, s installation and maintenance is very easy and| Its installuion and main
less costly. more costly.
5. There is no danger of leakage or freczing of the| There is a danger of lex
coolant, coolant.
0. [tworks smoothly and continuously. Morcoverit| If the system fails, it ma:

i

dm'_fj_ hot depend on any coolant, to the engine within a sho

26.35. Supercharging of 1.C. Engines

IUis the process of increasing the mass, or in other words density, of the
spark ignition enpine) or air (in compression ignition i.e. diesel engines) ind.
eylinder. This is, usually, done with the help of compressor or blower known

[thas been experimentally found that the supercharging increases the po:
engine. Itis widely used inaircraft engines, as the mass of air, sucked in the engi
atvery high altitndes, This happens, because atmospheric  pressure decrease:
altitude, Now-a-days, supercharging is also used in two-stroke and four-strc
engines. 1t will be interesting to know that a supercharged engine is light
foundations and consumes less lubricating oil as compared to an ordinary engiy
objects of supercharging the engines :

L. To reduce mass of the engine per brake power (as required in aircr:

2. To maintain power of aircraft engines at high altitudes where less o>
combustion,

3. To reduce space occupied by the engine (as rcqurired In marine engi

4. To reduce the consumption of tubricating oil {as tequired in all typc

5. Toincrease the poweroutput of an engine when greater power Is rex|

tacing cars and other engines).
2636, Methods of Supercharging
o - Strictly speaking, a supercharger is an air pump, which receives air ¢
" ounding the engine, vompresses it to a higher pressure and then feeds it into |
\) N oy i s N . = .
Blne.. Following two methods of supercharging are important from the subjec!
I. Reciprocatin £ type.

mﬁ : } lthasa piston which moves to and fro inside z
thod and is not encour

aged these days, as it occupies a large space and has 1
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yin its outward appearance, but ditfers i

2. Rotary type. 1t resembles a centrifugal pumy
ma ane type are commonly

ton. There are many types of rotary pumps, but gear type, lobe type and v
ed. :
».37. Lubrication of I.C. Engines

As amatter of fact, the moving p . .
) ) . . . - o \ 5
Abbing action of one part with another, In order te avoid an carly wearing of the engine parts, a proper

ibrication arrangement is provided in L.C. engines. In general, following are the main advantages of

ibrication of 1.C. engines :

arts of an 1.C. engine are likely to wear off due to continuoys

I. Ttreduces wear and tear of the moving parts.

2. It damps down the vibrations of the engine.

3. Irdissipates the heat generdted from the moving parts due to friction.
4. Itcleans the moving parts.

S. Itmakes the piston gas-tight.

7.38. Lubrication System for 1.C. Engines

The following two lubrication systems of 1.C. engines are important from the subject point
{ view : '

| Splash lubrication. This method is generally employed for lubricating small I.C. en.
ines. In this method, an oil sump is fixed to the bottom of the crank case and the pump 1$ immersed,
. the lubncating oil, as shown in Fig. 26.23. A small hole is drilled in the crank shaft and the oil i
orced through this hole to the bearing. The oil is also forced along the connecting rod either through
hole drilled in the rod or along a small copper pipe to the gudgeon pin and piston.

r~—" _
: [y=+«— Gudgeon pin
1 - ;
L4fy : :
] . ,
| :_4a— Connecling rod . Qil gauge _
I ' - ety
' . .
| ! Journal: Qil hole
¢ : - R
=) :
L = -j .
& — ) 4 A *
- .
lr' 1 .‘\!
L/ \ 5%
Pressure =
3]
release

valve

Fig.26.23. Splash lubrication.

The surplus oil is thrown out, in the form of a s
I'he surplus ol lubricates the cams, tappets and val
‘he sump. .

pray, from the beurings by Cemri'fugal s
ve stems. The whole ojf s drained back-in:

2. Forced lubrication. In this method, the lubricy

: : ting oil is camied | cand
> pumped at a high pressure to the main bearings. Jt — £ amied in a separate tank and _

Atalower pressur and
. et . hatt A
T www.Jntufastupdates.com & [hc Cdmbh"“
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R ¢ C d§ Scdavenpe L |
nming gears. As the oil drains with the sump, 1018 pumped back by a pump KNOWR a5 SCAVERES pump
through an oil cooler to the oil tank, as shown 1n Fig. 26.24.

—

1 Low pressure oil =
samshall .
* lo can
\ Oil tank
3 . Scavenge t
1 pumps *

Oil coo1cr7
| S
| | Jj
> Pressure /)
i pump i

—t . \ = -
i sur
High pressure LOW pressure
3 i relief valve
£ relief valve

1 Fig. 26.24. Forced lubrication.

26.39. Governing of 1.C. Engines

As a matter of fact, all the I.C. engines like other engines, are always designed to run at a
particular speed. But in actual practice, load on the engine keeps on fluctuating from time to time. A
little consideration will show, that change of load, on an L.C. engine, is sure to change its speed. It
has been observed that if load on an 1.C. engine is decreased without changing the quantity of fucl,
the engine will run at a higher speed. Similarly, if load on the engine is increased without changing
the quantity of fuel, the engine will run at a lower speed.

Now, in order 1o have a high efficiency of an [.C. engine, at different load conditions, its speed
must be kept constant as far as possible. The process of providing any arrangement, which will keep
the speed constant (according to the changing load conditions) is known as governing of .C. engines.

26.40. Methods of Governing L.C. Engines

Through there are many methods for the governing of 1.C. enginces, yet the following are
important from the subject point of view :

I, Hit and miss governing. . This method ol governing is widely used for [.C. engines of
smaller capacity or gas engines, This method is most suitable for engines, which are frequently
subjected to reduced loads and as a result of this, the engines tend to run at higher speeds. In this
system of governing, whenever the engine starts running at higher speed (due to decreased load),

“some explosions are omitted or missed. This is done with help of centrifugal governor (Art. 24.11)

“inwhich the inlet valve of fuel is closed and the explosions are omitted tll the engine speed reaches
“its normal value. The only disadvantage of this method is that there is uneven turning moment due
o missing of explosions. As a resultof this, it requires a heavy flywheel.,

2 Quuhmuw governing. In this system of governing, a control valve is fitted in the fucl
,d.ellvcry pipe, which controls the quantity of fuel to be mixed in the charge. The movement of control
. valve is regulated by the centrifugal governor through rack and pinion arrangement. It imay be noted

lhal in this system, the amount of air used in cach cycle remains the same. But with the change in the

20 www.Jntufastupdates.com
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qu..muly of fuel (with quantity of air remaining constant), the quality of charge (L.e. air-fuel ratio of
”“”U‘fC) changes. Whenever the engine starts running at higher speed (due to decreased load), the
quantity of fuel is reduced till the engine speed reaches its normal value. Similarly, whenever the
engine starts running at lower speed (due to increased load), the quantity of fuel is increased. In
automobile engines, the rack and pinion arrangement is connected with the accelerator.

3. Quantitative governing. In this system of governing, the quality of charge (i.e air-fuel
ratio of the mixture) is kept constant. But quantity of mixture supplied to the engine cylinder is vaned
by means pf a throttle valve which is regulated by the centrifugal governor through rack and pinion
arrangement. Whenever the engine starts run ning athigher speed (ducto decreased load), the quantity
of charge is reduced till the engine spee ccaches its normal value. Similarly, whenever the engine
starts running at lower speed (due to increased load), the quantity of charge 1s increased. This method
is used for governing large engines.

4. Combination system of governing. 1n this system of governing, the above mentioned two
methods of governing (i.e. qualitative and quantitative) are combined together, so that quality as well
as quantity of the charge is varied according to the changing conditions. This system is complicated,

and has not proved to be successful.

26.41. Carburettor
j #*yaporising the fuel and mixing it with the air

The carburettor is a device for *atomising anc |
in the varying proportions (O suit the changing operating conditions of the engine. The process of

breaking up and mixing the fuel with the air is called carburation.

o et
40 N
e o

To engine

Throllle vélve

(R N
AN G wa

Choke lube ' g
Lever ‘

Explosive . =
mixture ' ¢ !

Float Air passage ‘ e

chamber

o — — — T

‘Pe!rol

Fig. 26.25. Carburcttor.

. There are many types of the carburettors in use, but the simplest form of the carburettor is
shown in Fig. 26.25. Itconsists of a fuel jet located in the centre of the choke tube. A float chambef
is provided tor maintaining the level of the fuel in the jet and is controlled by a float and lever which
operates its needle valve. The fuel is pumped into the float chamber and when the correct level of the
fucl is reached, the float closes the needle valve, and shuts off the petrol supply. _ _
_ The suction produced by the engine draws air through the choke (ube. The reduced diameter
of the choke tbe increases the velocity of air and reduces the pressure. The high velocity and low

4 Awmisation is the mechanical breaking up of the liquid fucl into small particles s thatevery minute partick

ot the fuel is surrounded by air.
4+ Vaporisation is a change of state of fuel from a liquid to vapour.
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Internal € ombustion Engines ()

sessure in the tube facilitates the breaking up of fuel and its admixture wi
controls the flow of the mixture delivered to the engine cylinder.

Cthe air. A throttle valve

16.42. Spark Plug
It is always screwed into the cylinder head for igniting the chary
usually, designed to withstand a pressure up (0 35 bar and operate und

30 000 volts.

A spark plug consists of central porcelain insulator,
containing an axial electrode length wise and ground elec-
pode welded 10 it The central electrode has an external
contact at the top, which is connected to the terminal and
communicates with the distributor. A metal tongue is welded
1o the ground electfode, which bends over to lie across the
end of the central electrode. There is a small gap known as
spark gap between the end of the central electrode and the
metal tongue, as shown in Fig. 26.26. The high tension
electric spark jumps over the gap to ignite the charge in the
engine cylinder. '

The clectrode material should be such which can
withstand corrosiveness, high temperature having good ther-
mal conductivity. The electrodes are generally made from Fig. 26. Spark plug.
the alloys of platinum, nickle, chromium, barium etc. '

f petrol engtne 11

veurcent of Lo oy
Terminal

- lnsulator

‘ Central
} electrode

Ground
+— eleclrode

Note : The spark plug gap is kept from 0.3 mm 10 0.7 mm. The experiments have ol vathatefficicney of il
ignition system is greatly reduced if the gap is too large or too small. Sometimes, eiynomateriah cooch
carbon) gets deposited in the spark gap. Itis a source of nuisance, as it permits some — the higrh veltve cu o
to bypass the gap and reduce the intensity of spark as well as engine cfticiency.
26.43. Fuel Pump
The main object of a fuel pump in a diesel engine is to deliver a fuc 1o the injector which
- sprays the finely divided particles of the fuel suitable for rapid combustion.

Inl
niet port

IAAIIIYY,

() Fuel pump. (b) Beginning 0[‘511(11;;5_ (¢) Endof . ke
Fig. 26.27

The simplified sketch of a fuel pump is shown in Fig. 26.27 (a). Itconsi of a plunger which
fovesygp and down in the barrel by the cawwantifaspiidsesmamngement prov. d for pushing and,
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2ring the plunger respectively. The fuel oil is highly filtered by means of felt-pack filter before

cring the bairel of the pump.

The upper end part of the plunger is cut away in a helix shaped piece forming a groove between
plunger and barrel, which is the most important one. Therefore, the amount of fuel delivered ang
=cted into the engine cylinder depends upon the rotary position of the plunger in the barrel. Fig,
27 (b) and (¢) shows how the top part of the plunger is designed so that the correct amount of fue|

izlivered to the injector.

When the plunger is at the bottom of its stroke as shown in Fig 26.27 (b), the fuel enters the
rel tnrough the inlet port. As the plunger rises, it forces this fucl up into the injector, until the upper
~cut away comes opposité the sill port. Then the fuel escapes down the groove and out throueh

<tl] port so that injection ceases, as shown in Fig. 26.27
The plunger can be made to rotate 1n the barrel and
-efore more fuel is injected. When the plunger is rotated
‘hat the groove is opposite to the sill port, no fuel at all is
~cted and thus the engine stops.

744, Injector or Atomiser

The injector or atomiser is also an important part of
- diesel engine which breaks up the fuel and sprays into
- cylinder into a very fine divided particles.

Fig. 26.28 shows the type ol an injector in which fuel
elivered from the pump along the horizontal pipe con-
cted at A, The vertical spindle of the injector is spring,
ided at the top which holds the spindle down with a
ssure of 140 bar so that the fuel pressure must reach this
Jue before the nozzle will Tift to allow fuel Lo be injected
‘o the engine cylinder. The fuel which leaks past the
vtical spindle is taken off by means of an outlet pipe fitted
!/t above the fucl inlet pipe.

23 www.Jntufastupdates.com
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Fig. 26.28. Injector or Atomiser:
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