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same power the engine cavier and

bulkier.
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Because of one power stroke in two
revolutions lesser cooling and lubrica-
tion requirements. Lower rate of wear
and tear.

Four- stroke engines have valves and
valve a( ‘tuating mechanisms for opeén--
ing and. closing of the intake and ex-
haust valves.

Because of comparatively higher
weight and complic ated valve ruecha-
niem. the initial cost of the engine is
more.

<o

/ﬁrmal oﬁiuoucy is hlghm part load
o s 1(;" v ——— ‘ter. P ——

Used where efficiency is important,
viz., in cars, buses, trucks, tractors..
industrial engines, aeroplz—mes, power
generation etc.

les

The thermodynaic. cy is__com-
ple‘tod in two strokes of the piston or
in oue mvollmon “of the crankshaft
Thus one power stroke is obt ined in
(‘a(‘h r(*volut,lon of the crankshaft.

_ Because of the above, turning moment

is more uniform: and hence a lighter
flywheel can be used.

Becausge of one power stroke for every
revolution, power produced for same
size of engine is twice, or for the same
power the engine is lighter and more
compact.

Because of one power stroke in one
revolution greater cooling and lubri-
cation requirements.
wear and tear.

Two-stroke engines have no valves but
only ports (some two-stroke engines
o el

are Btted with conventional exhaust
valve or reed valve).

Becanuse of light weight and simnplicity
due to the absence of valve actuating
mechanism, initial cost of the engine
is less.

Volumetric efficiency is low due to
. i 0 3
sser time for induction

Thermal (fﬁmulc
efficienicy is poor.
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is lower; part load
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Used where low cost, cotnpactness and
light weight are important, viz., in
mopeds, scooters, m()1(>r(‘¢(‘1(& hand
spray /
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2/ FOUR-STROKE COMPRESSION IGNITION (CI) ENGINES

The four-stroke CI engine is similar to four-stroke SI engine except that a
high compression ratio is used in the former, and during the suction stroke,
air alone, instead of a fuel-air mixture, isinducted. Due to high compression
ratio, the temperature at the end of compression stroke issufficient to ignite
the fuel which is injected into the combustion chamber. In the CI engine a
high pressure fuel pump and an injector is provided to inject fuel into

combustion chamber. The carburettor and ignition system, necessary in the
SI engine, are not required in the CI engine.

The ideal sequence of operation for the four-stroke CI engine is as
follows:

1. Suction stroke. Only air is inducted during the suction stroke.
During this stroke intake valve is open and exhaust valve is closed.

2. Compression stroke. Both valves remain closed during
compression stroke.

3. Expansion orpowerstroke. Fuelisinjectedin the beginning of the
expansion stroke. The rate of injection is such that the combustion
maintains the pressure constant. After the injection of fuel is over (i.e. after
fuel cut off) the products of combustion expand. Both valves remain closed
during expansion stroke.

4. Exhaust stroke. The exhaust valve is open and the intake valve
_remains closed in the exhaust stroke.

Due to higher pressures the CI engine is heavier than SI engine but has
a higher thermal efficiency because of greater expansion. CI engines are
mainly used for heavy transport vehicles, power generation, and industrial
and marine applications.

The typical valve timing diagram for a four-stroke CI engine is as
follows:

IVO up to 30° before TDC

IVO up to 50° after BDC

EVO about 45° before BDC

EVO about 30° after TDC

Injection about 15° before TDC
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w » eotoa s M MEWUIRLIVIEN TS AT UIFFERENT LCADS
— RVD SPELEDS

The air-fuel ratio at which an engine operates has a considerable influence
on its performance. Consider an engine operating at full throttle and con-
stant speed with vary W ratio. Under these conditions, the A /n ratio
will affect both the power output and the b rak«* 8r

30

indicated by the typical curves shown inF Fie 8.2
ing to the maximum output cn the curve.is.called ¢ the bv power mixtir
with an A/F ratié of approximatel y_12:1. The mixture corresponding to
“the minimum point on the 3¢ curve is called the > hest economy mixture,
The A/thxu is dp;,rox“m-ﬁ.l) 16:1. It may be notcd That the wat pl'
mixture is much richer than Hw Chmni(ﬂ‘lv y_correct mixture and the
economy mlxtrrr:fs" sLohrI) le than the ch chv:;.u ally. correc

P1g11re 8.2 is based ou full xrlulmz operation. The A/F rati
best power and best cconomy at part throtiic trict]
at full throttle. If Uw 4/'F ratios for best power a :
constant over the full tange of throttle o_pir_ntmn and if the infl
other factors is dlSIf’Cfdr(]"(l the ideal fuel metering devi

7 Lie same as

uence of

atwo position carburetor. Such a carb ur gﬁpr_c_o‘lm be set R r the best pm" or
mixture when maximum performance is desired and for the-best—ceo:
mixture when the primary consider qhon is r}.o ‘"m‘] economy. Thes
settings are indicated in Fig,!
Z', respectively. Actual engine roqun(‘n.('n*s h')w(‘vm, again prec lmlp the
use of such a simple aud cony boarrang n 50T ‘

discussed in the succeoding soction,

t}:¢ 1 T 1
\)in LUEC SOUM QOTiZOonias (nes L4
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bsfc (kg/kW h)

Power output (kW){ :

|
) Best economy
| | e | | |

8 10 12 14 16 18 2022
" AJF ratio (kg of air/kg of fuel)

‘ ‘_/'ariation of Power Output and bsfc with A/F Ratio for an ST
‘f Engine

Under normal conditions it is desirable to run the engine on the max-
imum economy mixture, viz., around 16:1 air-fuel ratio. For quick a?ce}—
eration and for maximum power, rich mixture, viz., 12:1 air-fuel ratio is

required.




od fucd oo .. 4 sulliaently homogeneouys mixture of

vapourized fuel, air and residual gasesisignited by a single intense and high
temperature spark between the spark plug elect}odes (at the moment gf
dlsc.harge the temperature of electrodes exceeds 10,000°C) leaving behin(zi
a thin thread of flame. From this thin thread combuslion’ spreads to the

In this manner there grows up,
' » gradually at first, a small hollow nucleus
of flame, much in the manner of a soap bubble. If the contents of the

cylinder were at rest, this flame bubble would expand-with steadily
increasing: speed until extended throughout the whole mass, In the actual

ngine cylinder, however, the mixture is not at rest. It is, in fact, in a highl
' turbulent condition. The turbulence breaks the filament of flame info a
' ragged front, thus presenting a far greater surface area from which heat is
radiated; hence its advance is speeded up enormously. The rate at which
the flame front travels is dependent primarily on the degree of turbulence,
but its general direction of movement, that of radiating outward from the
ignition point, is not much affected.

The theoretical diagram of combustion is shown in Fig. 5.2 (a) but the
actual process is different. According to Ricardo the combustion can be
imagined as if developing in two stages, one — the growth and development
of a semipropagating nucleus of flame called ignition lag or preparation
Phasegand the other, the spread of the flame throughout the combustion

? Pressure

Crank angle

Fig. 5.2 (a). Theoretical p-f diagram.
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Fig. 5.2 (b). Stages of combustion in SI engine.
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upon the nature of the fuel, upon both temperature an’ i
proportion of the exhaust gas, and also upon the tersperature co

1

of the fucl, that is, the relationship between temperaturd @

acceleration of oxidation or burping. The second stage is a mechanical one,

, 3 3 et motnre
pure and simple. The two stages a7e not entirely distinct, since the naivre
and velocity of combustion change graduaily. The start

second stage is where first measurable rise of pressure can b

mg D

V v = St T
indicator diagrard, i.¢ the point where the Tine of comn ’
the compression fine. It Fig. 52 (b}, A shows the point 0i ;
(séy 28° before TDC), B the point at which the first rise of pressure can be

1 ¢l T B PRQ o T
detected (say, 8° before TDC) anc & the attaioment of pes? ssure. Thus
5 - anola rotati Ay mrthe

' AB represents the firsi stags (about 20° crark angle 1o and 5Ct

1 T C ol {1
second stage. Although the point C makes the completion of the ik

travel, it does not follew that at this point the whe the heat of the fuel
has been liberated, for cven after the pass i the | >
chemical adjustments due to reassociation, etc., ana wial 15 L=
referred to as afterburning will to a greater or less degree COBt
throughout the expansion stroke.

The first stage AB, by znalogy with diesel ¢t s cal o
which label is wrong in principle. In spark ignition {Bere 38 practicaily no
ignition lag and a nucleus of combustion ariscs instantqncouséy near the

- spark plug clectrodes. Dutduring t‘uc. inl-;:z;i'9431‘30(%‘€‘i:z321:1 {x ; us :If
slowly and the fraction of burnt mtxt.ur‘c. is sm.zs;i.s 50 that xf‘crcam of
pressure cannot be detected on the indicator diag s
pressure may be just one per cent of maximum oMo
corresponding to bur ning of about 1.2 per cent of the wotl
the volume occupied by the combustion products may
of the combustion chamber space. :
HAFig. 53 shows the change in the pressurc p, mean tempera. efzrz:)(n' “:
gascs T, internal cnergy of the working body A U, external work Qf the g! s
W and active heat evolution x during combustion 12 2 Rues;zm engine
GAZ-21 (r.p.m. = 2000, 7 = 0337,y = 1.02,pm = 10 kg/ujmﬁ ‘). At point
1 corresponding t0 Pmax the amount of active heat evolved is 73 per cent.

g . . e
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During the afterouining phase this amount 15 86 per cent of the avanaoie
e « 11° from the poi

heat of combusticn. Point 2 corresponding 0 fmax 18 11° from the point of

te ¢ stion aré

Y A0 K

Pmax- The heat losses to tac Walls and due lo i ; ks
mixiures ai il

S o
the process O

o

-about 15 per cent when an engine is Jirottled oF sucs 4i°
point Pms does not usually cxceed S50 per cent and

aferburning is much longet.

@ : 1. Raising the compression ratio. Increasing the compression ratio
increases both the temperature and pressure (density of the unburned
mixture). Increase in temperature reduces the delay period of the end gas.
Increase in temperature as well as increase in pressure both lead to greater
collisions of molecules resulting in greater formation of chemical species
responsible for knocking. Hence the tendency to knock increases.

For a given engine setting and fuel there will be a critical compression
ratio above which knock occurs. This compression ratio is called the
highest useful compression ratio.

Materials with high heat conductivity coefficients such as aluminium
alloys are desirable for high compression cylinder heads since a cool
combustion chamber wall is essential for high compression without knock.
However hot spots may develop because of poor circulation of the coolant
or improper distribution of the metal.

2. Supercharging. 1t also increases both temperature and density.

3. Raising the inlet temperature. Delay period decreases, velocity of
flame travel increases.

4. Raising the coolant temperature. Delay period decreases.

5. Increasing the load (opening the throttle). An increase in the load
increases the temperature of cylinder and combustion chamber walls
thereby raising mixture and end gas temperatures. Also the pressure of the
charge is increased. Hence the tendency to knock increases.

'6. Raisingthe temperature of the cylinder and combustion chamber walls.
The temperature of the end gas depends on the design of combustion chamber.
Sparking plug and exhaust valve are two hottest parts in the combustion

B o S, [ e, Py O T



close to the spark plugso thati itisnot in the end gais region, othermse th
will be a tendency to knock.

size of the cylmdcr However, flame requxres alonger time to travel across’
the combustion chamber of a large engine. The large engines, tberefore,
have a greater knocking tendency than smaller engines. The SI engine is,

ek e MR~ i
spark tmungs and decreases with

ard*ng the spark timings the peak pressures are rea
on the power stroke and are thus of lower magnitude.

1f in a given engine the fuel quality is changed and knock takes place
retarding the ignition may eliminate the knock; but it will also reduce the
engine power.

(B) Density factors. Increasing the dcnsnty of the unburned
mixture by any of the following methods will increase the possibility of
knock in the engine.

1. Ingreasing the compression ratio.

2 Openmg thc throttle (mcreasmv the load).

4. Increaging the mlet prcssure An increase in the inlet pressure
increases the overall pressure during the cycle. The high pressure in the
end gas decreases the delay period which increases the tendency of the
charge to detonate. However, an increase in the inlet pressure increases
the flame velocity, which would reduce the tendency to detonate. But the
first effect always predominates. Therefore, with increased :
tendency to detonate always increases.

5. Advancing the spark timings.

{(C) Time factors. Inc reasing the time of exposure of th t
mmyge_ to auto-ignition conditions bv any of the following ;"w,,,c;rs

increase the possibility of knock in SI engines.

1. Increasing flame travel distance (combustion chamber design, spark
plug position, engine size). The possibility of knock is increased by
increasing the distance the flame has to travel in order to traverse the
combustion chamber.

(i) Combustion chamber shape. 1In general, the
combustion chamber, the better will be its anti-knock chz
the flame travel and gombushon lmjc_ will be shorter
combustion chamber is highly turbulent, the combustion
consequently combustion time is further reduced ; this further re
tendency to knock.

(it} Location of spark plug. A spark plug which is centrally located
in the combustion chamber has minimum tendency to knock as the flame
travel is minimum. The flame travel can be reduced by using two or more
spark plugs.

ore compact the
icteristics, since
Fu *‘1(,’, if

'
tne
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fvalvesd The exhaust valve shoulc'l"b:‘e loca

(iv)

 therefore, generally limited to 100mmbore ; ;
2. ED i1l iixtreg  Decreasing the turbulence

of the mixture decreases the flame speed and hence increases the tendency
to knock. Turbulence depends on the design of combustlon chamber and
one engine speed_ 3

gthe speedof thigengine? A decreasein the engine speed

decreases the turbulence of the mixture resulting in reduced flame speed.
Also lower the engine speed, longer is the absolute time for the flame to
traversc the cylinder which increases the time available for perflame
reactions. Hence the tendency to knock is increased at lower speeds.

Note. §High'speed kinoc

Arrigoni et al. have reported

that most severe knocking condmons are those met by small displacement
~engines at a sufficiently high constant speed (4000-5000 rpm) and wide
_ open throttle. Motor octane number is by far the most important ‘fucl

engine’ factor in controlling high speed knock at all engine speeds. High

knock inténsities (that is, 3 V) much greater than trace levels (about 0 2 V) /
- will cause engine damage.
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1. First Stage. Ignition delay period during which some fucl ba

been admitted but has not yet been ignited. The ignition delay is counted
from the start of injection 10 the point where the p-8 curve separates from
the pure air compression Curve. The delay period is a S0l of preparatory

phase. The ignition delay i discussed in detail later.

2, Second Stage. Rapid o1 zx@%;liffzm%m {probable

ot SRR

premixed flarae) following ignition. In this sccond stage the pressure rise
is vapid because during the delay period the fuel droplet have had time to
spread themselves over a wide area and they have fresh air all around thes

The pmied of rapid or sncontrolled combustion is counted from ¢ en

of delay period to the point of maximum pressure ot the indicator diagram.

About one-third of the heat is evolved during this period.

2, Third Stage. Controfled combustion (\prn?*:xi?lfz diltnsion flame).
The second stage of rapid ot uncontrotied combustion is I Aowed by the
third stage—the controtied combustion, At the end of second stags the

temperature and pressure arc 80 high that the fucl droplets wjected during

the last stage burn almost as they enter and any further prossure rise can

be controtied by purely mechanical means, i.e. by the injeciion rate, The
period of controlled combustion i assumed o end at mximue eyele
(emperature. The heat evolved by the end of controlied combustion s about
70 to 80 percent of the total heat of the fuel supplied during the cycle.

To these three stages of combustion, first proposed by Ricardo, 2
fourth stage can be added —lute burning of after-burning. his stage may
ot be present in all cases.

4. Fourth Stage. After_buming. Theoretically it 18 xpected that

3

_ombustion process <hall enc after the third stage. Howevit, because of

soor distribution of the fuel particles, combustion continues {uring part of

‘he remainder of the expansion stroke. This after-burning ca: be called the

1ourth stage of combustion. T ae duration of the after-burning phase may

orrespond to 70-80 degrees f crank travel from tdc and ‘he total heat

yolved by the end of entire ¢ mbustion process 15951097 and3to 5%
{ heat goes as unburat fuelin exhaust. ‘

go """ i e 1T - ﬂ‘
E et e
601 . D e
A EmmapETT
70— :M.“ o ,l,_.,i . T—T, e : ;,_ﬂ_,!
GOL.. j-r,.,d;; _,.,,\,ﬂ i Lo e
\= Shart of combustion i Compressian pressure\
o 5()! ST § — e ‘M.ﬁ..-_»_,_ﬁ
| '\Snjzctioﬁ starts, } NN ;‘ | . 1
‘A “d,_,._ l_, +._,,+ ..... + 1': L " PR ‘W#g{'g{gﬂvg—ﬁmw 1
: \ | |ooor Sec.)v"r L3NNG o
2 o R o il e
L L e
e

A R T e

{5 K b L S e N WS
120 10 8 6«1% %o 20 T0C 20 100
Time degrees of crankshaft rotation

B 5

O

sl
\PELAY PERI
b - « " - . Ly
The first siage of combus 08 in the Cl engin®, fe the ¢ @Y period,

1384
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5 3 5 |
5 very greal influcnce < 1 poth €8gIne design and . axformance ani,

therefors, neods & detaile * study. in Fig. 6.4 the u.}:/ﬁl m}dis/ E‘sims;f on

delay m the ] engine 88 the charge consists of homog
vaporised fuel and air.

* The delay period in C1 combustion affects rate of pressure (s

hence, knocking: 1t also affects engines staﬂabﬂ.lty.
It is clear that the pressure rca.che.d during the s¢ i
’dc:pend on the duration of the delay period {}hc lguger the ; ;: wi
the more rapid and higher 13 the pressure 156 gince more 1ue

present in the cylinder

{ diesel knock’. (Th
uses rough running and may cause : : el X
(i:i&scusscd in detail later)- Therefore the diesel engine designer aums

the delay period 65 short a8 possible, poth for mooth TunDing

maintain control over the pre
necessary
complete combustion

consumption-
and the designer’s cfforts are always

as possible.

devoted towat s shortening it

EneOus ariuie ol
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i pefore therate of burning cOmes undex control. i’hi(:z,
e diesel fnoek o

1o keep
and W

ssure changes. But some delay perifmdf’u
i 4ld not be dis ersed in the aif 10T
otherwise the drc?plat_s WO ot b P i e =
. This will result in bigh SmO e and hgd !
In practice, however, the delay period 38 more than required

as much



e as dlready discusseddiat if the delay period is long a large amount
ed in the chamber. The auto-ignition
of this large amount of fuel may cause hi

of fuel will be injected and accumulated in the chamber. 1

h rate of pressure rise and high
maximum pressure which may cause knocking in diesel engines. A long
delay period not only increases the amount of fuel injected by the moment

Fionttion, bu also improves the homogeneity of the fucl-air mixture and
for explosion-type self-ignition similar 1o

its chemical preparedness
detonation in ST engines.

It is very instructive to compare the phenomenon of detonation in SI
engines with that of knocking in CI engines. There is no doubt that these
two phenomena are fundamentally similar. Both are processes of
auto-ignition subject to the ignition time-lag characteristics of the fuel-air
mixture. However, differences in th’gnock‘ipg phenomena of the SIengine

and the CI engine should also be carefully noted.:

(1) In the SI engine the detonation occurs near the end of
combustion whereas in the engine detonation occurs near the beginning
of Fd&ﬁfsﬁff@%@mﬁ'fﬁ*ﬁg&f()fmwm ‘‘‘‘ e =

(2) The ¢ detonation in the SI engine is of a homogeneous charge
causing very high rate of pressure tisc and very high maximum pressurc. In
the CI engine - the fuel and air are imperfectly mixed and hence the rate of

pressure rise is normally lower than that in the detonating part of the charge
in the SI engine.

)

icl
12110

<om

Pressure
"o com

\ Start of injection

Start

|
|

|
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il
1yl

(b) Time

(b) Clengine

(3) Since in the CI engine the fuel is injected into the cylinder only.

at the end of the compression stroke there is no question of ‘pre-ignition’

or ‘premature ignition’, as in the SI engine.

(@) In the SI engine it is relatively casy to distinguish between
knocking and non-knocking operation as the human car easily finds the

distinction. However, in the case of the CI engine the normal ignition is_

o=

iself by auto-ignition and hence most CI engines have a sufficiently high
rate of pressure rise per degree of crank angle to cause audi

ble noise. When

“such noise becomes excessive or there is cxcessive vibration in engine

structure, in the opinion of the observer, the engine is said to knock. It is

clear that personal judgment is involved here. Thus in the CI engine there

is ﬂo_gl_@f_mite distinction between nprymgvlba_rld»__‘lgnocking’ combustion. The

maximum rate of pressure rise in the CI engine may reach as high as 10 bar
per crank degree angle. :

It is most important to note that factors that tend to r :duce detonation
in the SI engine increase knocking in the CI engine and vice versa because
of the following reason. The detonation or knocking in the SI engine is due

o it et

to simultancous auto-ignition of the last part of the charge. To eliminate

detonation in the S engine we want (o prevent altogether the auto-ignition
of the last part of the charge and therefore desire a long delay period and.

it

high self-ignition temperature of the fucl, To climinate_knock in the CI
engine we want to ag&iq!9¢a~gi9-jﬂggi£§9ﬂ1}/ »gsuggrlylgs‘pgsﬂgihlcw and therefore

desire a short delay period and low self-ignition temperature of the fuel.



A@ ﬁmpression ratio. Increase in compression ratio reduces the
delay period as it raises both temperature and density. Fig. 6.8 shows that
with increase in compression ratio the temperature of the air increases
(curve a). At the same time the minimum auto-ignition temperature
decreases due toincreased density of the compressed air, resulting in closer
contact of the molecules which, thereby, reduces the time of reaction when
( fuel is injected. As the difference between compressed temperature and

1250

1000
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~
wn
o

1
ition temp.(b)

my '
m auto-ign

Temperature
w
(4]
o
&3

250

0 4 8 12 16 20 24
Compression ratio

Fig. 6.8. Effect of compression ratio on maximum air temperature and minimum
auto-ignition temperature.

the minimum auto-ignition temperature increases, the delay period
decreases.

The above theoretical analysis may suggest that in diesel engines the
highest possible compression ratio should be used to achieve the lowest
delay period. However, there are practical disadvantages of using very high
compression ratios. In CI engines the compression space is already very
small and the necessity of providing working clearance between the piston
and the cylinder head and around the valves compels us to leave thin layers
or pockets of air to which the fuel cannot reach. With a compression ratio
of 16 the unused air is already about 20 per cent. With increase of
compression ratio the unused air would be much more decreasing the
volumetric efficiency and power. Another disadvantage of high
compression ratio is lower mechanical efficiency due to increases in weight
of reciprocating parts. Therefore, in practice the engine designer uses the
lowest compression ratio which would satisfy the needs of easy cold starting
and light load running at high speeds. Note that this practice is opposite of
the SI engine design practice where the endevour is to use highest possible
compression ratio, only limited by detonation.

The maximum peak pressure is only marginally affected by the
compression ratio, because with higher compression ratio delay period is
shorter and therefore the rise of pressure on ignition is lower.

ifijection Timing L€ offect
ot of injection advance on the pressure variation i shown in Fig.12.16 fot
08 injection advance timiugs of 9°.18°. and 27° before TDC. "The ?;b&y
vl puantity of fuel per cycle is constant. As the pressure and temper-
st ihe beginning of injection are lower for higher ignition advance; ne
lny period increases with increase in injection advance. The Mam Cle ¢
o Lnjm:tion advance depends on manv factors but generallv it is about

o0 b T
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(fz A SIMPLE OR ELEMENTARY CARBURETTOR

To understand a modern carburettor which is a complicated piece of

eql-lipment,. it is helpful to first study a simple or elementary carburettor
which provides gn air-fuel mixture for cruising or normal range at a single
seeet.i and the 1 to add it other mechanisms to provicive}o‘r"étv}—ler duties like
starting, idling, variable load and speed .éﬁération and acceleration.

Fig. 11.9 shows a simple carburettor. It consists of a float chamber,

Air-fuel mixture
tocylinders

s}

\(,Throme valve
Fuel from
= pump
Vent Strainer
Venturi Needle valve
throat 4
h
T
Nozzle /
(discharge jet)
Float chamber
(To maintain constant
fuel level)
Choke —=

When the designed level has been reached, the float closes the needle valve,
thus stopping additional fuel flow from the supply system. Float chamber
is vented to the atmosphere. A
During suction stroke air is drawn through the venturi. Venturi is a
tube of decreasing cross-section which reaches a minimum at the throat
(Venturi tube is also known as choke tube and is so shaped that it gives~
minimum resistance to air flow). The air passing through the venturi jncrea-
ses in velocity and the pressure in the venturi throat decreases, From the
float chamber, the fuel is fed to a discharge jet, the tip of which is located
in the throat of the venturi. Now because the pressure in the float chamber
. Is atmospheric and that at the discharge jet below atmospheric a pressure
 differential, called carburettor depression, exists between them, ‘This causes
- discharge of fuel into the air stream and the rate. of flow is controlled or
- metered by the size of the smallest section in the fuel passage. This is
provided by the discharge jet and the size of this jet is chosen empirically
to give the required engine performance. The pressure at the throat at the
fully open throttle condition lies between 4 and 5 cm. Hg below atmos-
pheric, and seldom exceeds 8 cm Hg below atmospheric. To avoid wastage
of fuel, the level of the liquid in the jet is adjusted by the float chamber
needle valve to maintain the level a short distance below the tip of the
discharge jet. ‘ : :

- The petrol engine is quantity governed which means that when less
power is required at a particular speed the amount of charge delivered to
- the cylinders is reduced. This is achieved by means of a throttle valve of the
butterfly type which is situated after venturi tube. As the throttle is closed
- less air flows through the venturi tube and less is the quantity of air-fuel
- mixture delivered to the cylinders and hence less is the power developed.
- As the throttle is opened, more air flows through the choke tube, and the
power of the engine increases.

A simple_carburettor of the type described above suffers from a
Jfundardental fault in that it provides increasing richness as the engine speed
and air flow increases with full throttle because the density of the air tends fo
decrease as the rate of air flow increases. Also, it provides too lean mixtures
at low speeds at part open throttle. This s phenomenon can be explained as
~ follows: Since the throttle regulates thé amount of air flowing up the venturi

 tube, it also checks the quantity of fuel issuinig from the nozzle by regulating

the vacuum at the throat. At low engine speeds with part open throttle for
(at low air flow rates) the vacuum at the throat is small and hence we get
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Eualii €4, . OF AN IGNITION SYSTEM

A smooth and reliable functioning of an ignition system is essential for
reliable working of an engine. The requirenients of such an ignition system
are:

(i) It should provide a good spark between the electrodes of the plugs at
the correct timing.

(ii) It should function efficiently over the entire range of engine speed.
(iit) It should be light, effective and reliable in service.

(iv) It should be compact and easy to maintain.

(v) Tt should be cheap and convenient to handle.

(vi) The interference from the high voltage source should not affect the
functioning of the radio and television receivers inside an automobile.

el @) FUNCTIONAL REQUIREMENTS OF AN INJECTION
SYSTEM

For a proper running and good performance from the engine, the following
romtirormanta wasend o oo 1 e o »

(i) Accurate metering of the fuel injected per cycle. This is very criti-
cal due to the fact that very small quantities of fuel being handled.
Metering errors may cause drastic variation fror the desired output.
The quantity of the fuel metered should vary to meet changing speed
and load requirements of the engine.

(ii) Timing the injection of the fuel correctly in the cycle so that maxiinum
power is obtained ensuring fuel econony and clean burning.

(i) Proper control of rate of injection so that the desired heat-release
patteri is achieved during combustion.

Proper atomization of fuel into very fine droplets.

~
i

Proper spray pattern to ensure rapid mixing of fuel and air.

(vi) Uniform distribution of fuel droplets throughout the combustion cham-
ber.

(vii) To supply equal qnantities of metered tuel to all eylinders in case of
multi cylinder engines.

(viii) No lag during beginning and end of injection Le., to eliminate drib-
bling of fuel droplets into the cylinder.



SUPERCHARGING

Supercharging of internal combustion

as a method for improving engine power output. Entering the mill
anew trend is appearing. The trend points to small displacement engi
order to meet emission legislation on fuel consumption and emission co

engines 1s 1 practice

The consumers, however, still demands the same performance they are usec

to.

A good way to meet these needs is

an engine is to raisc the density _of the air charge, before it eunters the

to have supercharging which may be

alled forced induction. As already stated. the purpose of supercharging

cvlinders. Thus. the increased mass of air will be inducted which will then

e compressed in cach cylinder. This makes more oxygen available for

combustion than the conventional method of drawing the fresh air charge
1 Ol -

'gﬁiﬁg/ﬂthe 9y1i11(1§zL~(1]_§}§;1}j§111_;}{‘aspir_ated). Consequently, more air and fuel

per cyél‘c—f’\m;o forced into the cylinder, and this can be effectively burnt

ng the combustion process to raisethe engine power output to a higher

value than would otherwise be possible.

The points to be noted in supercharging an engine gummarized as:

L/(]) Supercharging increases the power output of the engine. It does not

increase the fuel consumption, p

er brake kW hour.

M(jj) Certain percentage of power is consumed in compressing the air. This

power has to be taken from the

engine itself. This will lead to some

power loss. However, it is seen that the net power output will be more
than the power output of an engine of the same capacity, without

supercharging.

\gii‘) The engine should be designed t
supercharging.

o withstand the higher forces due to

wgv) The increased pressure and temperature as a result of supercharging,
may lead to detonation, Therefore the fuel used must have better

anti-knock characteristics.

In practice, racing car engines use
areas where supercharging is of vital i

(i) Marine and automotive engines
tant.

(i) Eugines working at high altitude

TYPES OF SUPERCHARGERS

Supercharger is a pressure-

supercharging. The most important
mportance are :

where weight and space are impor-

5. The power loss due to altitude can

o whi plies air (or mixture)

at a higher pressure. A centrifugal or axial flow or displacement type

compressor is normally used. If the
crankshaft, then it-is. called mechan
wggﬂs_amdm’_en_bl‘ as

ercharger is driven by the engine

-ally driven supercharger. Some sl

, —which derives its rer_fram the

engine exhaust gases. Such a supercharger is calleﬁljgr’bgc_hmger. There

are throe types of superchargers
_Ai) Centrifugal type
: /ii) Root’s type

(}y) Vane type

Centrifugal Type Supercharger

The centrifugal type supercharger is commonly used in automotive engines

(Fig.19.1). A V-belt from the engine
the air;ﬁ}eﬁ_l’iggture enters the impeller

lley runs the supercharger. First,

at the centre. It then passes through

the impeller and the diffuser vanes. Finally, air or mixture enters the volute
casing and then goes t0 the engine from the casing. The mixture will come
out at higher pressure and this condition is called supercharged condition.

Because of higher pressure ImMore air
der. About 30% more ai “fuel mixtu

_fuel mixture is forced into the cylin-
anbe forced into the combustion

chamber. The impeller runs at very high speeds, about 80,000 revolutions
per minute. Therefore the impeller should be able to withstand the high
i e I el ers are ususlly, made of duralumin,

~



Diffuser

Volute casing

Centrifugal Type of Supercharger

Root’s Supercharger

Lot defailen 0 SP=ISSIOWIE . The Root’s super-
charger has two rotors of epicycloids shape, with each rotor keyed to its
shaft. One rotor is connected with the other one by means of gears. The
gears are of equal size and therefore both the rotors rotate at the same

speed. The Root's supercharger operates like agear pump. The mixture
at the outlet of this supercharger will be at much higher pressure than the
inlet. =

Outlet

|
e
QO 2@

!

|
Inlet

Fig. 19.2 Root’s Supercharger

Vane Type Supercharger

Details of a typical vane type supercharger is shown in Fig.19.3. A num-
ber of vanes are mounted on the drum which is inside the body of the
sup(-zr(:harger. The vanes can slide in 6?_@&;;&119& ﬂ&f_qrce of Mug.
BecauSeof this arrangement, the vanes are always in contact with the inner
surface of the body. The space between the inner surface of the body and
the drum decreases from the inlet to the outer side. In this way, the quan-
tity of the mixture which enters at the inlet, decreases in volume, because

of which the pressure of the mixture will increase as it reaches the exit.

Comparison between the Three Superchargers

The required characteristics of a centrifugal type supercharger is poor and
suitable for only low speeds. The root’s supercharger is simple in construc-
tion. requires only mininuum maintenance and has longer life. The vane
tvpe supercharger has a special problem of wear of tips of the vanes with
time. Therefore. one has to take into account the application and then

Aeverdlas #Vvion rvsssan o " s S les's %)
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The various lubrication systems used for internal combustion

engines may be classified as

(i) mist lubrication system
(ii) wet sump lubrication system

(iii) dry sump lubrication system

13.9.1 Mist Lubrication System

This system is used where crankcase lubrication is not suitable. Jn-two-
stroke engine, as the charge }sﬁ(;gpl,pr_&sﬁgg_i in the crankease, it is not possible
to"Tra_eTt}L(lu:rrcf ing oil in the sumip. Hence, mist lubrication is adopted
in practice. In such engines, the lubricating oil is mixed with the fuel,
the wsual ratio being 3% to 6%. The oil and the fuel mixture is indncted
t'@@ww is vaporized and the oil in the forg of
mist goes via the crankcaSe into the cylinder. The oil which strikes the
“Triikease walls Jubricates The mai and connecting rod bearings, and the

‘the cil lubricates the piston, piston rings and the cylinder.

LSS UROL

The advantage of this system is its simplicity and low cost as it does not
. . v — . .
require an oil pump, filter, etc. However, there are certain disadvantages
' —n e
which are enumerated below.

\))v) It causes heavy exhaust smoke due to burning of lubricating oil par-
tially or fully aud also forms deposits on piston crown and exhaust
ports which affect engine efficiency.

(1) Since the oil comes in close contact with acidic vapours produced
during the combustion process gets contaminated and may result in
the corrosion of bearing surface.

/’( iii) This system calls for a thorough mixing for effective lubrication. This

requires either separate mixing prior to use or use of some additive
te give the oil good mixing characteristics.

/{/Kr) During closed throttle operation as in the case of the vehicle moving

down the hill, the engine will suffer from insufficient lubrication as the
bl O
supply of fuel is less. This is an important limitation of this system.

In some of the modern engines, the lubricating oil is directly injected
into the carburettor and the quantity of oil is regulated. Thus the problem
of oil deficiency is eliminated to a very great extent. In this system the
main bearings also receive oil from a separate pump. For this purpose,
they will be located outside the crankcase. With this system, formation of

: “ o G R
13.9.2° an Lubrication System

Tn the wet sump system, the bottom of the crankcase contains an oil pau
or sump from which the lubricating oil'is pumped to various engine coti-
ponents by a pump. After lubricating these parts, the oil flows back to the
sump by gravity. Again it is picked up by a pump and recirculated through
the engine lubricating system. There aré three varieties in-the wet sump
lubrication system. They are '

(i) “the splash system
(ii) the splash and pressure system

*

(iii) the pressure feed system >

ME@‘:_
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Splash System: This type of lubrication system is used in light duty
encines. A schematic diagram of this system is shown in Fig.13.9.

Oil pressure gauge
( Camshaft

()

/ ... 0 = -0
L0 l/| I U o jl_} [ 11 LL_I
( / Connecting rod bearing

|

|

|

Main bearing \ ) ll
) 3 __J

—_— |

|

|

|

|

|

I

|

Qil strainer

Fig. 13.9 Splash Lubrication System

The Iubricating oil is charged into in the bottom of the engine crankcase
redetermine level. The oil is drawn by a pump and

and maintained at a
g T T RIS b the lanoth of the crankease

1.1 703 Lhcmee b

into splash troughs located under the big end of all the connecting rods.
These troughs were provided witlmmw.gﬁ are
tlﬁ@erl. A splasher or dipper is provided under
each connecting rod ca which diDs into_the oil in the trough at every
revolution of the crankshaft e1nd the oil is splashed all over the mfterior of
t,'h_e/(;raglgcase, into the pistons and onto the exposed Mo_n_s_o_f_tl_lggxlillder
\E(M ‘A hole '{g’mugh the connecting r()ig@g_t'}ggy_gh which oil
will pass to the \,afhgiglﬁqce. 0il pockets are also provided to catch the
:plasﬁl}lg?)Tlo” ( '_;ﬁl/t—he main bearings and also over the camshaft beagings.
Trom the pévcfkétsﬁt‘hie—aﬁwvﬂl roach the bearings surface through a drilled
hole. The oil dripping from the cylinders is collected in the sump where it

: '3{{}?@@ around. The cooled oil is then recireulated.
The Splash and Pressure r ubrication System:
in Fie.13.10, where the lubricating oil is supplied ander pressure to main
and nggs Oil is also supplied Ui er _pggaaure..hapipgs which
direct a stream of oil_,gxg@ix}j@jﬁ}i@ipper'igg/tlxjﬂ&gud_gﬁgnﬂ_ecﬂgg rod

bearing cup afd thus the crankpin p’earings are lxlpricated b i}lg:;pl}wsh or
spray of oil thrown up by the dipper. i

[ 5 e
1s cooled by b
This system is shown

Oil pressure gauge
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7k o | (i B O

Connecting rod bearing
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mam bearings of the crankshaft through distributing channels. A pressure
. . e

€d near the delivery point of the ump which

opens when the pressure in the system attains a predetermined value. An

i

oil hole i< drilled in he

o the centre of each crankpin to the
Cellre of an adjacent Mam jJournal, through which oil can pass from the
main bearings to the crankpin bearing. From the crankpin it reaches pis-
ton pin bearing through a hole drilled in the connecting rod. The cylinder

walls, tappet rollers, piston and piston rings are lubricated by oi] spray
from around the piston pins and the main and connecting rod bearings.
The basic components of the wet sump lubrication systems are (i) pump
i) strainer (iii) pressure regulator (iv) filter (v) breather.

Tappet and cam receive oil
7 thrown from connecting rod

Oil pressure gauge

| i T ] camshas
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Fig. 13.11 Pressure Feed Lubrication System

A typical wet Sump and its components are shown in Fig.13.12. Oil is
\/\,f 6t g A \/\/V\'b ! drawn from the sump by a gear or rotor type of oil pump through an oil

etwnidae  Tha vivsivias ic o fina mach erroon whirh nraventa faroion nartinrlac

from entering the oil circulating systems. A pressure relief valve is provided
which automatically keeps the delivery pressure constant and can be set to
any value. When the oil pressure exceeds that for which the valve is set.
the valve opens and allows some of the oil to return to the sump thereby
relieving the oil pressure in the systems. Fig.13.13 shows & typical gear
pump, pressure relief valve and by-pass. Most of the oil from the pump
goes directly to the engine bearings and a portion of the oil passes through
a cartridge filter which removes the solid particles from the oil. This reduces
the amount of contamination from carbon dust and other impurities present
in the oil. Since all the oil coming from the pump does not pass directly
through the filter, this filtering system is called by-pass filtering system.
All the oil will pass through the filter over a period of operation. The
advantage of this system is that a clogged filter will not restrict the flow of
oil to the engine.

2UMmp and forced to alli the l
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Fig. 13.12 Basic Components of Wet Swp Lubrication System

Dry Sump Lubricatibn System

A dry sump lubricating gystem is lustrated in Fig.13.14. In this, the supply
of oil is carried in an external tank. An oil pump draws oil from the supply
tank and circulates it under pressure to the various bearings of the engine.
Oil dripping from the cylinders and bearings into the sump is removed by
a scavenging pumnp which in turn the oil is passed through a filter, and
is fed back to the supply tank. Thus, oil is prevented from accumulating
in the base of the engine. The capacity of the scavenging pump is always
greater than the oil pump. In this system a filter with a bypass valve is
placed in between the scavenge pump and the supply tank. If the filter is
clogged. the pressure rolicf valve opens permitting oil to by-pass the filter
and reaches the supply tank. A separate oil cooler with either water or
air as the cooling medium, is usually provided in the dry sump system to
remove heat from the oil.
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Pressure Vent \ \ ‘
; relief valve
To bearings
- Oil cooler tarl
Supply tank
Oil pump

Engine crankcase

Filter by-pass
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ATATATATATA
WVAVAYAVAVLYY
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Fig. 13.14 Dry Sump Lubrication System



