rich mixture required for acceleration. If the throttle is suddenly opened when the engine is running at low
speed, a rich mixture is provided and momentarily acceleration is possible.

Choking. A choke valve is also provided which is manually operated for starting the engine during
cold weather conditions.
: Alljthe above described devices are shown in the Fig. 22.30.

EL SUPPLY TO DIESEL ENGINES

2.8.1. Fuel Injection Systems and its Requirements

The fuel injection system is considered one of the most important parts of the diesel engine. The
performance of the engine depends very much upon the proper functioning of the injection system. It is
considered as the ‘heart’ of the engine as it plays an important role.

The fuel injection system must satisfy the following fundamental requirements :

1. Inject the quantity of the fuel demanded by the load on the engine and maintain this metered quantity :

(a) constant supply of fuel from cycle to cycle operation.

(b) constant supply of fuel from cylinder to cylinder.

2. Inject the fuel at correct time in the cycle throughout the speed range of the engine.

3. Inject the fuel at desired rate to control the combustion and resulting rate of pressure-rise.

4. Automize the fuel to the required degree.

5. Distribute the fuel throughout the combustion chamber for better mixing.

6. Injection should begin and end sharply.

Injection systems are manufactured with great accuracy, especially the parts that actually meter and
inject the fuel. Such closely fitting parts require special attention during their manufacture and, as a result,
injection systems are costly items. : ‘

Injection system may be divided into two general types, as follows :

(1) Air injection

(2) Air-less or solid or mechanical injection.

22.8.2. Air Injection System

Dr. Rudlop Diesel developed this system as the means for automizing the fuel. In operation, fuel was
metered and pumped to the nozzle, which was also connected to a source of high pressure air. The nozzle
was simply a mechanically actuated valve. When the nozzle was opened, the air would sweep the fuel into
the engine and deliver a well automized spray even though heavy and viscous fuels were used. However,
the size and cost of air compressor, along with power required for operation, has made air-injection obsolete.

22.8.3. Air-less or Solid Injection

In this system, the fuel is supplied at a very high pressure (150 bar) from the fuel pump to the fuel
injector and then it is injected to the combustion chamber with the help of an injector. The main parts of
this system are fuel pump and fuel injector. The fuel pump is operated by a cam which is mounted on cam
shaft. The power required to operate the cam is taken from the engine crankshaft. Depending upon ‘the location
of the fuel pumps and injectors, and upon the method used to meter the fuel, solid injection may further
be classified as follows :

(a) Common Rail System. (A single pump for compressing the fuel, plus a metering element for each
cylinder).

(b) Distributor system. (A single pump for metering and compressing the fuel, plus a driving mechanism
for distributing the fuel to the various cylinders).

(c) Individual pump and nozzle system. (A separate metering and compressing pump and nozzle for
each cylinder of the engine).

The arrangement and working of each system are given below.

(a) Common Rail System. In this system, there is single high pressure pump, which supplies high

¢ fuel to a common header (rail). The ac?'umu!ator is connected &o different cyliﬁder§ by separate
fuel line through the fuel nozzle as shown in Fig. 22.31. The pressure in the accumulator is maintained
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Fig. 22.31. Common Rail System.
constant with the help of pressure relief valve. The fuel is supplied to each cylinder by operating the respective
fuel valve with the help of cam mechanism driven by the engine crankshaft.

The guantity of fuel injected and the timing of injection are controlled by fuel valve and not by the

injection pump. The arrangement of fuel valve (metering meter) and fuel nozzle is shown in figure. This
system uses spring loaded injection valves which open and close by mechanical means.

The pressure used in this system ranges between 110 to 300 bar according to the compression ratio
used for the engine design. - [

The advantages and disadvantages of the system are listed below.

: . -

1. It fulfils the requirements of either, (@) the constant load with variable speed or () constant speed
with variable joad. " _

2. Only one pump is sufficient for multi-cylinder engines.

3' o ovion in PUMP supply pressure will affect all the cylinders uniformly.

4‘ The arrangement of the system is very simple and maintenance cost is less.

pg.duntﬂs" :

v design and workmanship are required.
;. 'I'hgzc is wndﬂncy 1o develop leaks in the injection valve.

tor System- This system, like common rail system, employs a single high pressure pamp

. i"'tF', ib 2“ 2.32. The high pressure pump I this system is used for metering and compressing the

as shown 1 1g el i delivered to the common rotating distributor. The fuel is supplied to each cylinder

:r every cyele. the injection strokes of the pump are equal to the number of cylinders.

by the dlSt'“b“f f;;cl s_uppiied and timing of fuei supply is done by single plunger (main pump) therefore

The quanti 0 oucd 18 supplied 10 each cylinder ‘fmd at the same point in the cycle. The function of the
yal amount oirel o select the cylinder to receive the fuel.




A THERMAL
2% NGBy,

S
0

METERING AND
o W < PRES SURE
DISTRIBUTOR BLOCK PUMP 1-75 kg, fem?
WIR
CAMS RAC KOI FILTER
STORAGE
| TANK
can¥ PRIMARY Pump
FUTER
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The distributor block selects a particular cylinder according to the cam coming in contact with the
distributor as shown in figure. The appropriate valve opens just before the beginning of injection and i
is supplied to the required cylinder.

(c) Individual Pump and Nozzle System. This differs from constant pressure injection both in design
and operation of the pump and fuel injector. Each injector has a separate pump and the injector contains
a spring-loaded hydraulically operated automatic plunger valve. No separate mechanism is required to operai
it. -
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Fig. 2233, Individual pump system.
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em, separy :
the '® Pumps, each (depending upon no. of cylinders) driven individually or a single

our ngers i

e - I a common block may be used. In this case, the single pump is driven by
£ The Amangement of 8% cam shaft having individual cam for each cylinder. _
OUr plungers in one b the individual pump system is shown in Fig. 22.33 with all pumps in one block,
design of &:m; and a common cam shaft
Per cycle is 05 X 10-3 S W¥pe of pump must be very accurate and precise as the volume of fuel injected
:  Of the engine displacement at full load and 0.001 x 10~3 of the engine displacement

Ng idling. The ¢; .
A 1500 rp.m. of e lowed for injecting such a small quantity of fuel is very limited (about 0.002 second

from 100 t© 300 zfngine Providing injection through 20° crank angle). The pressure requirements vary

2284. Fud Injecti Pamp

This is widely i

' mma?nsw‘deh used to supply fuel under high pressure in diesel engines. In this pump, the plunger
msu'm(’k 1S Constant but the effective stroke is reduced by changing the position of helix on the plunger

wqﬂegc to fuel inlet port.

| pump is shown in the Fig. : R

Rowy. ! g 22.34. It has j
i C}'hn::m} plunger which is closely fitted into the T i
andb-m!d y l&pp_mg. Tbc plunger has a constant stroke

recmmcanpg mouon of the plunger is given by the

cam. The vertical hole extends from the top of the
plunger to another helical groove. When the inlet and

I

spill port or the by pass ports are closed by the upper Delivery

edge of the plunger during its ascending motion, the valve

oil above the plunger gets compressed and the delivery

valve gets lified of its seat due to the high pressure

developed. Then the fuel is forced through the pipe to .

injector. The supply.of fuel to the injector is continued

until the helical groove reaches the inlet port. The pump

space in this position of the plunger communicates with  |nlet _, | =— Spill port

the spill port through the spiral slot and the vertical port N

groove is thus connected to the atmosphere. The - 1|54 Vartical

pressure on the spring side is released. The delivery A 3t "~ nole

valve falls back to its seat and the supply of fuel to  Bgrre| i Helical

the atomiser is stopped. At this time, the fuel in the z groove

barrel escapes from the spill port or the by pass port o
During the downward stroke of the plunger, the Rack ( - Cylindrical

section is seated and fuel is drawn into the barrel 1o plunq.r

g%wm;uanﬁtyyofpgﬂt being supphed to the injector
depends upon the position of helical groove. The
be rotated by mcansoftbcmthrack..By

pnmhmlg:rg o er to the right, the effective pumping
su'ok.g v Plngmim”d i e the instant, at which the
i ion wid'ld'lespillportcanbedclayed

I i T L
and so, more et operated by the governor.
joads. The rack 15 Fig. 22.34. Fuel pump.

22.8.5. Mm pump is § ied to the fuel injector. The fuel injector has to perform the following

the required degree.

T

b A
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chamber of the engine cylinder As the pressine 4 é )

of ol falls, the vatve 1 wianatically choned by o 1 /é%

the spring force. The ameunt of fuel i jecied is Cop mA - i “,/4:

regulated by the durstion of the open period of Fuel dust : %\

the valve. (7 | %/g‘

i The pressure of the controlling ring can ?{;’: -

be adjusted by means of the adjusting screw as =y

shown in figure. Any leakage of oil port, the injeston ;

valve and spindle 1s taken out through the leak- bty !

offconnection as shown in figure, Fig 2238 Purt myprion

229. FUEL IGNITION

The ignition system is one of the most mmportant systems of the [C. engine Hext sabm sad bex b
ignition were used in 1.C. engines for a long time, The ignition remained s a wxstce oA wonkle L & ong
ﬁmciasputimnm{M«ﬂ)mymc.mmdmyiuﬁimlmmlwdmw.cﬁm;ﬁwua;;wn
engine, Now-a-days, spark ignition systems are universally and successfully used in di cars md suoesenin:
using petrol as fuel, while compression ignition is used in diesel engines,

22.9.1. Requirements of Ignition System

mmrmcmdmwiw&msyﬂmaacmm;

E Thevoiugemmdnwkp%u;ekﬁmduﬂmﬂbemffxﬁhhggwwm-uammmf-
wmmmﬂm.mvﬁmmwmﬂmuﬁerﬂmduMmﬂdwm
enough energy 1o initiate the self-propagating flame front in the combustible mixture 5 sbos 1008 ©
20,000 volts. '

2 mm«mm&mm&ammmuﬁmuymnm
and 100 Jow intensity may not ignite the mixture property.,

3. Themlmomnmixmc(ckxmvolm;adwuddmmmumbumw.
ottmrﬁuﬂn%producedmynolbemfﬁciemmipmﬂnwbokMgz,mueismm
between the size of the spark and clearance volume. .

4, ’Ihucmwbemmiuingqyckdmlnfaﬂmolm

‘I‘!mwobakimiﬁonvymwﬁdmeiacmmm“Bmyimsym"ud‘w

of this system are listed below -

1. A battery of 6 to 12 volts, 2, Induction coil. 3. Contact breaker.
4. Condenser. 5. Distributor, 6. Spark-Plugs,



INTR(
RODUCTION 10 1 EN
= ENGINES

o 2233
Fig. 2236

TTangeme
nt of aly ¢
€ com '
St battery ignition system for 4-cylinder engine is shown in

Distribufor arm

| Lominored core // rofotes of hay
—— Secondory col " / speed o
L6 < cronk shapt

/

Condenser Socrk plug

Com shoy? rofates - Cams vsed yor

of Aol speed or brecking The confocts
&ronk - short

Fig. 22.36. Battery ignition system for multi-cylinder engines.

The source of current is the storage battery and it is connected to the primary of the induction coil
lhrough starting switch as shown in the figure. The other end of the primary coil is connected to the breaker
and through it to the ground, when the breaker contact points are closed. (In the figure, the breaker contact
points are shown in open position). As one terminal of the battery is grounded, the circuit is closed by passing
the current from the battery through the starting switch, primary coil, contact breaker, ground and back to
the battery when contact points are closed.

The induction coil consists of primary winding usually 100 to 200 turns and a secondary winding usually

10,000 turns. Both windings are mounted on soft iron core. - - o
The contact breaker consists of contact points, cam shaft on which a cam is mounted which is used

tact points.
to break and make the contacts between the con : _
The distributor consists of distributor arm, as shown in figure. The arm is mounted on a cam shaft
d is rotated at half the speed of crankshaft. The function of the arm is to make the contact with each spark
and is

o %Shzwrﬁ?ugfu:;t generally includes the contact breaker also to make the unit more compact, as
e dis
both are drived by the same cam shaft.

i : ircuit as shown in the figure. -
i mc:t.sded :’:1 (;CMCIF is produced in the coil due to the relative movement of magnetic
. - n. . L
Principle of Inductio

the magnetic field lines are cut by the coil. The EM.F. produced depends on the
lines and coil because

i movement, greater the EMPF.
ent between the W highees ther is shown in Fig. 22.37. When the current is allowed

i em : il into ano ;

" mov'ncipie of inducuon from one c?: Igcm is set up and this field passes through the secondary coil

The prt b the primary coil, a magne .h a closed circuit. The current in the primary quickly attains
= ﬂD“; ‘-h“’“g M.F sending 2 current th;:;:,zged The EM.E. is not induced in the secondary as there is no
and induces E.0M-1- i field is st8 o Rl and secondary.

elic : py primary) and.

a steady value and ‘:;f;; en field (GS‘f‘t’hsm"_dh;:i :agnetiﬁ field collapses and EM.F. once again is induced
relative movement i off. mfj ;ls!ta%l:: reater EMF. s induced when the circuit is broken because

If the pnt site directOt-

the opP°©

in the secondary 1P 4.
the collapse is moT® ¥
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Suumady Geolvanometer
(a) (4}
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Sevth Boltery Golvonomerer
(4
v Fig. 22.37.

The EMF. induced in the secondary can be further increased by collapsing the established field more
The magnetic effect in the secondary coil (EM.F. produced) is intensified by wounding the primary
ead secondary coils on a common soft iron bar or ring. The lines of magnetic field are concentrated around
the bar or ring and magnetic effects are intensified. |
AEME.M.F.atﬂchondaxytsminalcanbcobtainedbysmmlepmpmﬁoningofmyand

secomdary coil around a common iron coil (1 : 100).
Primciple of Ignition. A high voltage can be .
'ﬂmedzﬂxtaminalsofﬂnsocondatycoﬂby seconctry .

collapsing the ficld established by primary and proper
propartioning of the turns of primary and secondary

2s meationed earlier. If this high voltage is connected Fig. 2238
mﬂnmpoﬁnsplmidinganairgapbetweenﬂwmasshminﬁg.n.%,asparkisprodmed.lglm
mnicpluinﬂzcommsedchargeofmlengineifthcsparkispmdmdinmcchm-gcatﬂsccnd
of compression.

‘ Working of Battery Ignition System. thnd)epﬁmm'ycircuitisclosedbyﬁnccomactbtuka(i{
is shown m open position in the Fig. lQS?),acmmkgimmﬁowdnwghthcplimmyooﬂmdmagmﬁsc
mafﬁzpoﬂ,TheEMF.?sfndmedinﬂxsecmdmyasmecmmminmepdmmyincrmm.'fheE-M—F-
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coil with the help of the
at the same time the
of the spark plug,

The distributor and contact breaker F il
are generally mounted on the same cam
shaft which rotates at half speed of the
crankshaft. The function of the distributor %

is to connect the secondary to each cylinder Switeh —{
of a multicylinder engine at the time of

ignition. The contact breaker also works
simultaneously with distributor and its ;
function is to disconnect the primary circuit
exactly at the same time when the spark
Sport
nye e

i dmrill’“mf \f\ihen the time comes for the charge in that cylinder to be ignited and
primary circuit is opened by contact breaker. A spark is produced between the points

in the particular cylinder is required. The
distributor arm connects 4-spark plugs in
one rotation of the cam shaft and therefore
four contact points are required in
4-cylinder engines. The contact breaker has
to break the contacts 4-times in four
cylinder engines so it requires 4 cams as : 4
shown in Fig. 22.38, If there are n Fig. 22.39. Battery Ignition system for single cylinder engine.
cylinders, then the contact points and cams required are also n in number. _ ..

In a single cylinder engine, the distributor is not re_qui.red asin §coomr engine, fmd _smil:: \::I; l; :‘:fggl;;t
for giving the spark. A magneto ignition system used in single cylinder petrol engine 1s s e

Number of sparks. Number of sparks produced must be equal to number of working strokes in a

i i f sparks produced for that engine are :
single cylinder engine. If there are N, cylinders then the number of sp p e

N, (Number of spark) =n - N,
n = number of working strokes and N,

8 ) Battory

»

= number of cylinders
where

N o
Further, n = & for 4-stroke cycle engine

N for 2-stroke cycle engine where N is r.p.m. of the engine.

NNc 4 for 2-stroke engine, Ny = NNc.

— A

Thus, for 4-stroke engine N;=—3 -

Battery Ignition System
d Disadvantages of
22.9.3. Advantages an

_ ] eto. This is t
Adval; Igts initial cost is Jow compared with magneto

on cars and commercial yehicles.
‘ 2. It provides better sparks 4

- v .

; : i
4. The spark efficiency (mwnsny) re
T mechai'lis;]l;ci the distributol dr
5. The sim
Disadvantages *
1. The engine can

he main reason for the adoption of coil ignition

needs of the engine during s_tarting_ and idl'ing. This is because
lh:'(;:g:\z:n he engine speed range including starting.

( L
e except for the batery. itions of the timing
ains unaffected by advance w0d cotard positions-3

ive is another factor in favour of coil igniuon.
i I
ty of

d if the hattery runs down.
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2. The weight of the battery ignition system is greater than magneto which is major C"“ﬁideraﬁm

in adopting the system in aero-engines, . .

3. The wiring involved in the coil ignition is more complicated than that used in Magnetq igNitiy
and therefore there is more likelihood of defects occurring in the system.

4. The sparking voltage drops with increasing speed of the engine.

Magneto-Ignition System

The arrangement of the magneto-Ignition system is shown in the Fig. 22.40. The only difference betweg,

battery and magneto system is that the battery is replaced by the rotating magnel. As the magneto r, :
the voltage and current is generated in the primary and circuit is completed passing l_he currer‘u !hmugh the
contact breaking point and through the ground. As the current passes through the primary coil through 1,
contact breaker, the circuit is completed through ground. As the cam shaft rotates thg cam |, opeqs the Contacy
breaker and interrupts the flow of current in the primary. This causes lhg decay in lhc magnetic field |ine,
and cuts the lines of magnetic ficld in the secondary, and a high VO}mgc 15 ggneratzd in the secondary. The
process of generating the high voltage in the secondary is known as induction phenomenon, The voltage

generated in the secondary depends upon the ratio of number of turns in the secondary and Primary

f'c-t(-ﬁv—)
\ Np ) gt
kA Distributor
1
 Secondary
Primary  F
ST ¢ 25l 1
Rotating 3
magnet s -
Spark e e
Contact plugs )
§ /’breaker

Cam : Condenser

af

: Fig. 22.40.

“The purpose of the condenser is to suck the current from the primary when the primary circuit is b,mken

which helps to decay the magﬁctic field rapidly and enhance the process of increasing the voltage n lh:
secondary. The high voltage generated in the secondary is carried through the distributor through poin

to spark plug 1. the spark is generated due to high voltage across the spark plug gap.
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¥ megy '
Primg . SiRume, cam. - T
. l_nry Circugy, Again the “ 1 gms out of action and contact points touch cach other and completes the
Spark s carried 1q ¢ .‘“?“"5 breaks the contact points and the process described abos. is repeated and
In this way d " distributor and then 1o the spark plug.
Camshafy, each spa kk “VINR one rotation of the Cronk s
the mixture gy i" ™R Plug in each cylinder ignites  shoft 1‘
Inagq ““tk[xmw 1S generated.
~y K 2 n
POwer ¢ ‘it‘-\'el : ¢ engine, after every two rotations, I d Bevel gear
must oceur thc;:; l}‘d. therefore only once the spark ‘L .
fore the camshaft rotates at half pm ) am

{ o
Of the crankshan C
tmnsimming t;!;an. Th(? camshaft is rotated by shaft
bovel Power from the crankshaft through 2d

BEAr as shown in the Fig, 22.41. e 241

Advanta i
(-‘\}grd::: Dﬁ:dwntagw of Magneto System over Battery ignition System

in ma-%;“::‘jsié:(i‘tﬁnm:\{;‘:::;_as compared to coil ignition system, because ther is no maintenance problem
— ;s'aﬁzxc;emlm@ses. the voltage in. the primary winding alsoiinc.r.eases rapidly and. intensity of
ignition is v g provides l?elter t?()mbu51|on, as compared to battery ignition system. Therefore magneto
€ry popularly used in racing cars.

3 Medlum L (] hlgh speeds.

4. Space required is less as compared to coil ignition systems.

5. By providing suitable shunts on magneto, the danger of burning of spark plug is minimised.

6. Very light in weight and compact in size, unit can be made.

7. Automatic time adjusting of ignition can be affected.
Disadvantages

I. Inital cost is very high as compared to coil ignition system.

2. To start with, 75 RPM is necessary.

3. For high power engines, some other devices are necessary to start ignition.

22.10. GOVERNING OF LC. ENGINES

22.10.1. The Purpose of Governing :
The purpose of governing is to maintain the speed of the engine constant regardless of the changes

in the load on the engine. The mechanism used for this purpose is known as governor and method used

i as governing.
s k“"l‘;’ 't‘h:s lfad on the engine decreases, the speed of the engine will begin to increase if the fuel supply

. reased. On the other hand, if the load on the engine increases, the speed of the engine will begin
is not dcum:f;cgtc fuel supply is not increased. The purpose of the governing is to supply the fuel to the
TR :ding (o the load on the engine and to maintain the speed of the engine constant.
engine acco! )
g »10.2. The Methods of Governing |
- ing of speed of the engine according to the load is done by one of the following methods :
The govesms lied to the engine is completely cut off during few cycles of the engine. This is known

1. The fuel .«iupp ing, This is generally used for gas engine.

as Hit and Miss bme?edgéer cycle of the engine is varied according to the load on the engine. This is

ool PP ing’’. The A : Fratio is changed according to the load on the engine. Rich mixture
Quality (}overmng Jean mixture is supplied at low loads. This is used for Diesel engines.

. upplied at hig ‘;m;d‘s &‘lr—fucl mixture supplied is varied according to the load on the engine. The A : F

g wp}: The quantity of ch J to the engine at all loads remains nearly constant, therefore it is known as

ratio mf the mi"t;:‘?;;ﬂl_’%‘;ﬁs is used for petrol engine.

_ Gavers

*«Quantity




ra

£

a%

in

22,38 THERMAL ENGINEEp g
The details of ecach governing P Dtioitr
method are given below : i 2oy
22.10.3. Hit and Miss Governing 3,.,.,.,7,.;;}.”:::?%7; - 4
This method is used for gas engines  Gor suary % 'g_‘.‘;’f""T T ’“E ¢ ﬁ; Sermg(s,)
as well as for oil engines but is more 7777 2/%”” j ,4,7,3{5 £ 4. e
popular in gas engines only. vorve guice ; b o7 ||
This system of governing omits the .4 ;m ,—_Ei’? Governe,
explosions occasionally when the speed of .* Ly Jare H . “;jf ; - Bots
the engine rises above the mean speed of rd o 5% | : i
the engine. The number of omitted  ‘one ,ﬁg "‘" “ Conmections

: : i . coders
explosions are increased with the increase

in speed.
The usual method adopted for

missing an explosion is to omit the opening ~ Com shay
of the gas valve in case of gas engine and : oo
Sy mr

putting the plunger of the oil pump out of
action in the case of oil engines. During the
missing cycle, the engine performs an idle
cycle. Fig. 2242. Hit and Miss Governing.

The outline of the method used in gas engine is shown in Fig. 22.42.

The position of all the components of the system are shown in the figure when the engine is running
at full load. The cam ‘C’ rotates at half speed of the crankshaft. As the cam C pushes the point A, the point
D is lifted upwards because the lever BD turns about the fulcrum B and hits the valve steam through the
knife-edged point E and opens the valve to allow the gas to the engine cylinder. At full load condition, there
is working stroke for every cycle of the engine.

When the load on the engine is decreased, the speed of the crank-shaft increases and the speed of
the governor also. The balls fly out as the speed of the spindle, on which the governor is fixed, increases.
The governor sleeve is pushed up and the point ‘A’ of the lever GH also goes up and the point F on the
lever GF moves towards the right as shown in figure. The point ‘E” on the knife edge is also moved towards
the right and misses the opening of the gas valve. The loss of power due to missing cycle decreases the
speed of the engine. The point E is lifted up by the cam during the missing cycle also but as it is pushed
away (towards the right) from the original position, it is not possible to open the gas valve. The number
of the missing cycles increases with the further decrease in load. The missing cycles are zero when the engine
is running at full load condition. The directions of motion of all components under low load condition are
shown by an arrow on the figure.

This method is known as *‘Hit and Miss’* method because the valve is opened by giving the hit and
speed control is achieved by missing the openings of the gas valve.

*  The principle and mechanism of the method used for oil engine are exactly same but the plunger of
the fuel pump is put out of action instead of gas valve.

With this method of governing the engine, the engine either works under maximum efficiency condition
or does not fire at all. This method gives better economy at light loads than any other method. The greal
disadvantage of this method is, the engine requires heavy flywheel as the absence of turning effort on the
crankshaft during the idle cycle, This method is used for the engines of small B.P. (below 40 B.P.) and
do not require close speed regulation,

22.104. Quality Governing

The amount of fuel supplied to the diesel engine cylinder per cycle is varied according to the load
on the engine in this method of governing. , :
The quantity of fuel supplied according to the load on the engine is varied by one of the following
methoas. "
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&“‘M © K ;ke of the fuel pump plunger is varied by the governor and quantity of oi! supplied is varied

‘:ﬁk of fuel supphied by the fuel pump is given by
= — R }
2 Tlo. where & is the diameter of the fuel pump and L is tne stroke of the fuel pump.

Az L s

J\m-::‘ M supplied to the engine cylinder also varies.

By e o : valve is imserted to the delivery side of the fuel pump. The opening of the valve is controlled
® Be cagine o . opeas after a past of delivery stroke is performed. In this system, the oil is delivered
SECHOR wde . “yhmder from d,’c,mﬂ pump during some part of the delivery stroke and returned back to the

P3P m&m € the remaining part of the delivery stroke.
remains opea shosing of suction \.*.\lw of the fuel pump may be delayed. The suction valve of the fuel pump
foel purme dunng first part of the delivery stroke, therefore part of the fuel oil is returned back to the
of the = m some part of the delivery stroke and delivered to the engine during the remaining part

;&h} rvery stroke. The method is known as “*Spill Method™.

e The stroke of the pump plunger remains constant at all loads but the effective stroke is changed
xﬁg t© the load on the engine. By changing the angular position of the helical groove on the plunger
s fue] pump relative to the suction port, the amount of fuel delivered can be changed. The details of

us are slready given under the heading **fuel pump’". This is the common method used in all modern C.L
kegh speed engines.

In all these systems, the air supply remains constant and the quantity of fuel supplied is changed, therefore
the quality of the mixture (A : F) changes according to the load on engine.

22 10.5. Quantity Governing 7 engine '

This is used in many gas engines and is
commonly used for all petrol engines. The
mixtore streagth supplied o the engine is
maintained constant but the quantity supplied to

Governer
S/eeve

As the enginc
mmm,mgombaﬂsﬂymnand
the governor sleeve lifted up and partly throttle
e et e oty of i '
t-Edwmﬂns’qu.Thmmdmﬁw Air grom
P e mean effctive pressure and ultimaicly —i .
Fig. 22.43. Quantity Governing used for petrol engine.

veloped the engine.
the P""ﬂ;’ :m of s:{.anjng can be used for gas engines in _various ways. 'I'he air and gas supp{iad._ each
__ ¢hrottied by separale valves in the air and gas passages :fnd then SI‘.Ippllcd to the engine or 3 mixture
o of constant A - F ratio coming out from the mixing valve is supplied to the engine cylinder.
d“mdg” mepﬁediswmmﬁedbyvaryingtheliﬁofmemaininletvalvc.
CcOOI F LC. ENGINES
z11- gt of Cooling. The peak temperature occurred in reciprocating internal combustion
221 111‘ o of 2000°C 10 2500°C. The large amount of heat produced due to the fuel combustion
are ms;nda walls, piston, cylinder head and engine valves. The temperature of these parts
s ghsorbed bY d’;z;h the average temperature of the burnt gases. The overheating of these parts over 250

g
e L and w1 following effects.
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1. The high temperature reduces the strength of the piston and piston rings and unevep X Pinsig,
of cylinder and piston may cause the seizure of the piston.

* 2. The high temperature may cause the decomposition of the lubricating otl and lubricatiop h""”ﬂcn
the cylinder wall and piston may break down resulting in a scuffing of the piston,

3. If the temperature around the valve exceeds 250°C, the over-heating of the valves May cause (e
scuff of the valve guides due to lubrication break down. Further increase in temperature may cause the hurnnm
of valves and valve seats.

4. The tendency of the detonation increases with an increase in temperature of the cylinder body,

5. The pre-ignition of the charge is possible in spark ignition engines if the ignition parts imnqu
are at high wemperature.

To avoid all the adverse effects mentioned above, it is necessary to cool the engine. The cooling system
used for L.C. engine generally carry 30 to 35% of the total heat generated in the cylinder due to the combustian
of fuel.

22.11.2. Air-Cooling of Engines

The heat transfer coefficient for air-cooling is very low as mentioned earlier. This hear transfer coefficien,
can be increased further by using the forced flow of air over the engine surface as done in aero.
engines. The heat transfer coefficient with air-cooling with forced circulation is also considerably |ower
(50 W/m?-K) compared with water cooling system. The other method of increasing the heat transfer
rate from the cylinder surface is to increase the
surface area by providing the fins. The use of fins
increases the heat transfer surface by 5 to 10 times

of its original value. The air-cooled systems, the
forced circulation of air with increased surface area

2 . : ) Inter
by using the fins, is commonly used in practice for jrge
~ acro-engines and motor cycle engines.

The sectional view of an engine-cylinder with
fins is shown in Fig. 22.44. More fins are used near
the exhaust valve and cylinder head where the
possibility of occurrence of maximum temperature

exists.

The cooling fins are either cast integral with

the cylinder and cylinder head or they are fixed to

the cylinder block separately. The number of the fins :
used are 2 to 3 in case of cast fins and 4 to S in Fig. 22.44. Fins on cylinder.

case of machined fins per centimetre. The height of fin depends on the type of material and manufacturing
process used. Generally the height of fin used lies between 2 cm to S cm.

Advantages and Disadvantages of Air-Cooled System

1. The design of air-cooled system is simple and less costly.

2. Each cylinder of the multi-cylinder engine can be removed separately as no common cooling syste™®
is used for the engine. It is easy to renew in case of accident.

3. There is no danger of leakage of the coolant.

4. The freezing in the cooling system is not at all a danger which is very common in water-cooled
systems. :

5. The installation of air-cooled system is easier as it does not require radiator, headers and piping
connections, , : '

6. The weight of the cooling system per B.P. of the engine is far less than water cooling system™

Combustion
chamber

Cylinder
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1103- wa‘tr leing S)-'Siem C.Mflhg fon -
nto tw Vater cooling system is further subdivided §
O groups. } Sart s e, ooke /(k/"/ }s’(/ It 7 peoder
: T . IS e wﬁ
s IEh ermo-siphon or Natural Circulation System. RS R J jc_gcj
<. Forced circulation system. SENRPFIFRMEETD- iy f\ t -
I. Thermo-si X - S . ""‘»"?:"‘Eﬁ— Fod ot
e sk & siphon System. The arrangement of Cylrpeter IR jb e & i
system s shown in Fig. 22 Jocker [ | :.‘P’ i
head) e o n Fig. 22.45. The force (pressure | i i -qt: - o~ “E’;”’f
i lh:.; ‘deq_ff‘f‘ © ftrculale the water through the system t Al 4 - - : ’ |
i _’ t_’-rvnce in pressure head due to hot and cold J ,' W N |
er. This force is given by 1/ N | BoHom
F‘ = h ((ﬁ / Aeoder
Whi?re h & y m") =h - Aw. Hose connections
= Height of the radiator tubes through which
the water is circulated. Fig. 22.45. Thermo siphon system.

®. = Weight density of cold water.

@, = Weight density of hot water.
~ Thedifference in density is limited as the rise in temperature of the water passing through the engine
- limited. The rate of circulation is less as the force causing the flow of water is limited. This cannot be
used for heavy duty engines as the heat carrying capacity of this system is limited. '

The water as passed through the radiator is cooled by the flow of air passed over the radiator tubes
by the cooling fan. The cooled water rises to the cylinder jacket ; take the heat from the cylinder wall and
‘then T enters into the radiator from the top header and comes down. It is cooled as it is passed through
the radiator tubes. ’

The limitations of this system are listed below :

1. The engine should be placed as low as possible in relation to the raaiator as the force causing the
flow is limited by the temperature difference of hot and cold water.

2. The water level in the system should not fall below the level of the delivery pipe ; otherwise the
circulation of water in the system will stop. This causes the boiling of water and formation of steam resulting
in further loss of water which may damage the engine in a short period.

3. The use of this system is recommended for small capacity engines.

22.114. Advantages and Disadvantages of Water-Cooled System

Advantages :

1. The specific fuel consumption of water-cooled engine is less than that of the air-cooled engine.
2. Uniform cooling of valve, cylinder head and cylinder is possible with water cooling.

keep the engine at the front for the mobile vehicles and air craft engines for air-

3. It is necessary to
Il necessary with water-cooled engines. The cooling system can be located

cooling but this is not at 2

conveniently at required place. : i
4. As far as design of cooling system is concerned, the engine size does not involve any serious problem.

5. Compact engine design with minimum frontal area is possible.

1. It is dependent On supply of water.
may be caused to the engine within a short period of time in the case of failure

ooling system: ‘ .
ot the3c Thegpump requires considerable power compared with the power required for the fan.
' ance costs are higher.

4. Initial and mainten
Antifreeze Solutions. When the temperature of atmosphere falls below 0°C, there is every possibility
- ing the water, circulated in the cooling system of the engine. The freezing of water may stop the
i gand finally it may reduce the cooling. It may also cause damage due to volume expansion during

-
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freezing. To prevent the freezing during cold weather conditions, the ant:f;‘ec.zel Sﬂ!ut:fn;as S_I”t‘-'gﬁnﬁl’nily liseq
The main antifreezes used are (1) a solution of alcohol and water and (2) so l‘:muln t‘; ‘ et 1y “?,m elyeoi ing
water. The percentage by volume of antifrecze used in water is dependent on the atmospheric l-f:mpcr:ifu,,m_
Higher percentages are used with decreased atmospheric temperatures.

22.12. LUBRICATION OF LC. ENGINES

Requirements of Lubrication _ S R
Almost all machine parts of an 1.C. engine have relative motion and rub against each othe, "The

lubrication is required to reduce the rubbing action and increase lhg life of the engine. Thg pllrp‘jsc of lubricumm
in LC. engine is generally two fold. It reduces the rubbing action between different ma‘.rh:.nc Parts havip,
relative motion with each other and to carry out part of the heat generated inside the cylinder. The engine
parts which are generally lubnicated are listed below :

1. Cylinder and piston.

2. Main bearings

3. Big end and small-end bearings of the connecting rod.

4. Gears carrying the motion from one shaft to another shaft.

There are many other minor parts which also require lubrication as rocker arm. push arm, camshaf;
dnive and so on.

The lubrication system is considered one of the most important systems to increase the life and for
smooth working of the engine.

Desirable Properties of a Lubricant. The lubricant used must have some properties for the successfy|
performance of the engine. The properties required for a good lubricant used in 1.C. engine are listed below,

L. Viscosity. It is a measure of fluid resistance to flow and the unit used for the viscosity of the oil
is poise. This property is most important property of lubricating oil because it determines how efficiently
the oil film separates the moving surfaces from each other and prevents them rubbing directly on each other.
The value of the viscosity of lubricant used should lie within a certain range because lower viscosity will
cause seizing of the rubbing surfaces therefore viscosity of the lubricant should be selected in such a way
that it should not go down below a certain minimum value at the highest temperature at which the parts
are likely to operate. The higher viscosity than this will be always safe but it gives higher coefficient of
friction which causes greater power loss.

Flash Point. Flash point of the lubricant is the temperature at which it forms vapours and produces
combustible mixture with air. The high flash point is always desirable because low flash point will allow
the lubricating oil to burn and deposit the carbon on the different moving parts. The minimum flash point
of lubricating oil used in L.C. engine varies from 200 to 250°C.

Pour Point. Pour point of the lubricating oil is the temperature below which oil will cease 1o flow
in the pipe line under controlled test conditions. Low pour points are always recommended as its flow will
start even when the engine is started in cold weather.

Carbon Residue. The carbon percentage in lubricating oil should be as minimum as possible because
its bumiqg form§ the carbon deposits on piston head, piston rings and combustion chamber walls and increases
the running action.

Neutralisation. The !gbricaung oil should be neither acidic nor alkaline otherwise it will have corrosive
action on the parts of tl,le engine. The acidity of the oil is generally given by noting the neutralization number
of an oil. The rhleutrahzatmn numbers .of different lubricating oils are given in different codes.

Lubricating Syftem-s. The lubrication system is subdivided mainly into three groups. ,

e 1. Char g€ L“b“caﬁ?n System. This is the most simplest method of lubrication and does not rﬁqu_’r‘?
onl-hitcr. anq oil pump. In th..f. system, the lubricating oil is pre-mixed with the petrol therefore the fuel cﬂf"“f
the lubricating oil in the cylinder which helps for lubricating the piston and cylinder. Most of the oil bur®®
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nerally used for two stroke spark ignition engines of scooter and motor
! oil mixed with the petrol is 3 to 6% of petrol.
Lk Of this system are listed below :
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no nisk of failure of lubrication system.

3 My ;
- ihe lubricati - . ; )
The cart wing oil supplied is regulated at various loads and speeds by the increased fuel flow.
. 4rpon
Of {h(‘, ﬂll used

quire senerate -
juire seperate lubricating system so it is most economical.

.”d‘t‘l;\‘?*!ls QLlc t the burning of the oi! on the spark plug and on other parts and non-recovery
Wet Sum‘ lL ll\: II'IIJI-I] dlfa\dvanmgcs of this system.
Case and oil i pf:*;cu.! tr(:(;:}l]ta"? ‘5}'Stcm. Thlsvsysiem emplt\vyes a large capacity 01.1 sump at the base of crank
after serving the pd; ik LTlllchent parts with lhc_hc!p of pressure pump. The oil returns back to the sump
system is fl;ﬂhcr Quhpdi;"&sd}? oil ‘undcr-prcs§urg is circulated gencral.ly !hrough the different parts. This

Dry Sump I;ubr' Hcdl it splash lubrlcauon and pressure lubncatlon_. ‘
tank (ﬁuls}dc "o in‘i?i?;fon‘S}'stem. In lhlls system, the oil _from the sump is carried ’.io a separate storage
Wit thie help of 2 i € L%‘}:ndc’r block. The oil from th_e sump is pumped through filter into the Storagc_tank
" conle:} 1!3';1) 5 e o1l from the storage.tank 1s furthcr pgmped by the another pump to the cyimdz?r
S,\'S[er}; fies hel'we(‘:n ;ltolssgtf:rerally used for high capacity engines. The pressure of the oil used in this
Lubrication of Different Engine Parts

Lubrication of Main Bearings. The main
béaﬁngs are lubricated satisfactorily with the help
of ring or chain type feeder. The arrangement of
the system is shown in Fig. 22.46.

The oil ring rests on the main shaft where
a small portion of the main bearing shell has been
cut-away as shown in the figure. The lower end
of the oil ring is allowed to submerge in the oil  Main
bath as shown in the figure. The oil ring rotates bearing
with the main shaft and carries the oil from the
oil bath to the bearing and it is distributed to the L E = === —
bearing through the oil groove. The surplus oil
flows to the ends of the bearing and drops back
into the oil bath. Chains or more rings are
ded instead of single ring to carry more oil.
This type of lubrication is more useful for

Oil ring

Main shaft

L Qil bath

provi

medium speed engines because at high speeds, _ N
the oil will be thrown off due to centrifugal force  Cylinder =N
and at low speeds, the amount of oil carried is wh | e

Hicarst. Connectin
i Su[,:l:rication of Cylinder and small end o < i 9
bearing of connecting rod. The cylindgr and %
<mall end bearing (gudgeon pin) are lubricated g 5
with the help of side feed lubricator as shown in ?

e 1241, ! . / TOESISTINOSSSS
Fig. -?he oil is supplied to the surface of piston YL LA A/ A Y e
' ided i linder wall.

- hole provided in the £yiipoe s Gudgeon
ﬁwrugh ?flﬁmg on the surface of the piston is Piston . pin
The oil 22 face of the cylinder walls. Fig. 22.47. Side feed lubricator.

£ ; he sur
fﬁweﬁd gver th




ral
O

It
as

in

[

g B O

¥
¥
¢
1
i

2.44

A hole is also provided in the piston
wall just above the hole in the bearing of
the small end of the connecting rod as
shown in the figure. When these two holes e B &
come in line with the hole in the cylinder
wall, the drops of oil fall directly in small
end bearing and gets lubricated. The supply
of oil to the small end bearing takes place
twice in one revolution.

Splash Lubrication. The another
method which is commonly used for
lubricating the cylinder and piston is
known as “‘Splash Lubrication''. With the

s W s e o — — —— —

help of this system, the snall end, and big =L _

Wet o1l sump
Fig. 22.48.Splash lubrication for multi-cylinder engine.

end of connecting rod as well as main
bearings and cam-shaft bearing are also
lubricated.

The arrangement o the splash lubrication used for
multicylinder engine is shown in Fig. 22.48.

The scoopes are provided to the caps of big-end-
beaning of the connecting rods as shown in the Fig.
22.49. These scoops dip into the splash troughs when
the pistons are at B.D.C. and splashes the oil in all
directions with the rotation of cranks. A thin mist of
splashed oil settles on the surface of the cylinder and
on the other parts which are to be lubricated. The main
bearings and cam shaft bearings are provided with small
pockets and the oil splashed by scoops is collected in
those pockets and is used for lubrication. The surplus
oil falls back into the oil sump. Sometimes the oil is
supplied to the main bearings from the pump itself as
shown in the figure.

Many times, a through hole is provided in the
connecting rod and it is connected with the scoope,
therefore some oil is supplied to the crank pin and
through the hole to the gudgeon pin also. The oil level
in the splash trough is maintained with the help of oil
pump as shown in the figure. The arrangement of scoop
with connecting rod is shown in Fig. 22.49.

This system of lubrication is used to lubricate
piston, cylinder, big and small end of connecting rod,
main bearings and cam-shaft bearings also. This is
commonly used for medium capacity and stationary
engines.

In a single cylinder, vertical or horizontal engine,
the pump is not required and crank case sump works

as a splash tough and simplifies the whole system.
I.nhrication of hig end (erank nin) and emall

Connecting rod

THERMAL F'NG‘NEERN,

Main
bearinq

1B Scoope

Splash

o e e e e e o w— e —

Crank

Oil filter

Connecting
rod

Overflow
Pipe

Fig. 22.49 Scoope used in splash lubnicanon.

Gudgeon pin

Connecting rod
with inner hol¢




