volumetric efficiency than air-cooled engines). Gpen 7o l

o’mosphere 1 Aeedle Vorre /—-— Throttie Foive

22.7. FUEL SUPPLY IN S.I. ENGINES d 11 L

The fuels such as petrol, benzol and
alcehol used in S.1. engines vaporise easily at fpal
atmospheric conditions, therefore, the engine P T
suction is sufficient to vaporise these fuels and ~ #oor < I R Xt
no preheating is required. The oil fuels such %™ |
as light oils and paraffin oils used in diesel
engines do not vaporise easily and therefore
the engine suction is not sufficient to vaporise
therefore fuel injection arrangement is used
in oil engines.

22.7.1. Carburettor

The parts of a simple carburettor are
shown in Fig. 22.19 and their functions are . el
described below ' Fig. 22.19. Carburetior,

I. Float and Float Chamber. The level of the petrol in the chamber should be maintained constant
and slightly below the top of

' the spray nozzle as shown in Fig. 22.19. The petrol would run from the nozzle
and drip from the carburettor if the level in the float chamber is higher even when the engine is not running. »

On the other ha-nd, if the level of the fuel is far below the top of the spray nozzle, the part of the pressure
head (Ap) causing the flow of fuel would be unwantedly utilised to lift the fuel.
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with the help of float and needle

vl of the P _—
alve. As the fevel h: fuel in the float chamber is maintained constant s Pl
of the fuel in the float chamber rises (this 1S pmsihlc if the supply from the main

at chy _ \
*Ngine dct hamber is more than the fuel supplied by the fuel nozzle. This happens when the l(}ad1
Supply and 5 i Creases), the float also rises and needle valve closes the fuel inlet and decreases the fut?
POssible if the ¢ nstant level is maintained. As the level of the fuel in the float chamber decreases (this is
Rozzle. This h Supply from the main fuel tank to the float-chamber is less than the fuel supplied by the fuel
and incrcaﬁ::s ::’Pf_ns when the load on the engine increases), the float comes down and needle valve opens
SCS e . " ]
The "€ Tuel supply from main fuel tank to the float chamber
< Main
chamber

and the level is maintained constant.

. tunction of the float

asse 'S intai

tovel o embly is 1o maintain the fuel
nstant i the float chamber under

van g
ariable loads on engine

2. Venturi .
Oy ri. The shape of the
s shown in Fi
own in Fig. 22.20. The area for

th . ’
¢ flow of air near the fuel nozzle is
decreased.

The princi ; i 2
" S P ple‘of ‘the venturi 1S g£pzrance / ‘
strated~as shown in Fig. 22.20. When i Nerrowes? sectron
the fluid passes through the venturi, the
Fig. 22.20.

velocity increases and the static pressure

is reduced (h; < h) and then again increases as the fluid moves
pressure decreases from the entrance 10 the narrowest section and then increases again. According to Bemouli’s

principle. higher velocity of the air at venturi than elsewhere is accompanied by a lower pressure than that
in the float chamber (float chamber pressure is atmospheric pressure as it is open to atmosphere), therefore,
the fuel flows through the fuel nozzle and mixes with the air as the air flows through the venturi. The suction
is created inside the engine as the engine starts and the air sucked into the engine through the venturi. The
fuel is injected into the air-steam through the fuel nozzle due to static pressure difference at the nozzle and

lbe mixture of the air and fuel is sucked into the cylinder.

to the divergent portion of the venturi. The

Throttle Valve. The basic control element is the throttle valve. It controls the air velocity or the mixture
supplied to the engine through the intake manifold and therefore the head under which the fuel flows.

Choke Valve. It is necessary 10 provide an extra rich mixture to the engine during starting or warm
up in cold weather. The extrarich mixture ensures enough fuel availability in vaporised form for combustion.
This is done by introducing the choke valve in the air pgssage before the venturi as shown in Fig. 22.19.

The choke valve is nearly closed during cold starting or warming and it controls the flow of air and
creates high yacuum near the fuel jet. The fuel flow increases as the vacuum near the jet increases. This

enriches the mixture as desired.

22.7.2. Working of Single Jet Carburettor

The main fi unction of the carburettor is to vap9urise the petrol by means of engine suction and to supply
required quantity of mixture (air and petrol) in proper proportions. i
the is the engine is sarted, the suction is created inside the cylinder and air flows from atmosphere into

As the air passes through the venturi, the pressure of the air falls below the atmosphere and

' cm. of water as shown in Fig. 22.21. The pressure at the nozzle tip is also h, cm.
because the pressure on the fuel surface in the fuel tank is also atmospheric.
es the flow of the fuel through the fuel jet into the air-stream. As the fuel and

the cylinder

below atmosphere

: z ¢ caus
: .cure different
‘This press
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air pass ahead of the venuri, the fucl

gets vaporised and uniform mixture is [ Mater e Engm

supplied 1o the cngine. The quantity of | G\A.J

mixtare supplied to the engine depends P —— f s | Throttie Vose
the opening of the throttde valve. !

-_“_ﬁ”“.:%aﬁ_.g engine. the opening !lhcn”\u«U L dal i A ,‘m are p o g low Mroey

of the throdthe valve s controlled by the f d !

governor acconding to the load on the e - |
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engine. In case of automobile engines S 0 R o M.._TJ ) Y 2
an road, the opening of the troitle valve o 1 P |7
is controlled by the driver through the fiis = - ~
accelerator pedsl. o —— ¥ ! '
The systematic diagram s shown |
h = Height of nozzle tip above fuel H
level, e e “ R B

k.= Head in em of water

causing the flow of air and fuel
22.7.3. The Fuel Requirements of S.I. Engines
The operating conditions of spark ignition engine are grouped as
1. Sieady running

2. Transient operation
Most of the time, the engine runs at steady condition as running of the automobile on the road is m

concerncd. Steady running is defined as continuous operation at a given mean speed and power output.
The wansient operation includes starting, warming, idling and process of changing from one load or

Fig. 22.21. Carburettor

speed 1o another.
The required fuel-air ratios for the above mentioned running conditions of the engine are listed below. 4
Runring condition _1 F.A. Ratio
1. Starting 1 02:1
2. Warming 0151
3. dling | 0085 : |
4. Running with maximum thermal
efficiency (80% throtric) | 0.06 10 0.07 : |

L

. Rumming with developing maximum
power (80% throttie)

. Fuli throttle

. Acceleration

* 00775 10 008 : )
| 0.085 : 1
104:1

These requirements are shown in Fig. 22,22 taking percentage throttling on x-axis and A : F ratio on ﬂ
pexis,

The design of the nozzie (dsameter of nozzle) of the carburetiar should be such that, it should fulfil {
il the above required conditions, ¢

The F : A ratio increases an increase in throttle opening (increase in speed at constant load) for a
articular diameter of the nozzle. This F © A ratio further increases with the increase in diameter as shown
i Fig. 22.22.

it is obvious from Fig. 22.22 that if the diameter of the jel is d;, then it fulfills more or less all the ¥
guired conditions but the fuel consumption is considerably higher than that sequired. This is highly
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Condition
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under normal runmng
can be achieved exther by supply ing

more quantity of aj S

g ‘.._. feducing the quantity of fuel with wiroducig cxira arrangements.
The .a__.py‘”.:-n-wia i.k..viu.n ——
acks of single jer carburenior we listed below
a_._m:.n_ A single jet carburctior cannot provide 3 very nell mitture as requared @ the Sme of starting the
This 1, because, at low speed {startng or wdiing} the pressure difference causmg the fucl Bow is very
small, (as the throtike is nearly closed). it s not possible 1o discharge fuel w make the mware consaderably nch.
2 &_f. ft cannot prowvide very rich muxture required for sudden acceleration of the ngine . i
, 3. For gradually increasing pressure difference over the fet (a6 hugher speed of the cngine), the weight
of the petrol discharged from a single jet increases a8 & greater rate than does the wv supply. Hence a single
Jet carburecttor gives a progressively ncher myxnure as the aur speed moreases when 52110 gIve 3 cOmest mixture
at low air speeds
4. It cannot reduce the quantry of e flow dunng siasting & required in cold weather conditions.
5. The awtomatic controd of mr and fuel according w the roguired d IS not b
The carburettor used m a varmble speed engine muss fulfil all the following é—aﬂ-ﬁ!?
1. It must automize the fuel and mux it homogeneously with the wr
It must be able w run the engine smoothly without bunting or fusi wastage,
It must provide nich mixture dunng siarung and wdling
I must provide a constant air-fuel ratio dunag sormal rasning of e engine which is the maximum

4 e b2

period.
5. It must provide nch mixture required R quick aceeierasion of the engine.

6. 1t mast be able (o start the sngine even in very cold weather conditions (during snowfall).

7. All uperations should be automaic

Fo fulfil the sbove regquirements, the followmyg devicos are mroduced.

(@) A starting af a pilul jet (o s eogine :

(b) Compensitiing devices (0 provide cuastant A - F vatio durieg normal operation conditions).
() An ulomi conirl of choke valve (o st the enging in culd i

22,78 Starting or pilod jet
1 is aready mentionsd that, the angine equires considerably neh mixture at the time of starting. As

o, dhuring Siaesing, the prossure difference causing the flow of fuel is not sufficient to supply
prity of (uel The exhaust left in the clearance valume also reduces the effective fuel-air
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the engine side) is considerably less (500 cm of  “%¢” ctomser
water below atmosphere). This is because, the air

passing through the throttle valve has very high b
velocity as area provided for the flow is small. This
low pressure is transferred to the float chamber
through the starting fuel line. The pressure on the Fig. 22.23. Starting jet arrangement

uspstream side of this starting jet is atmospheric (float chamber pressure). The fuel is therefore drawn through
the starting jet and is discharged on the low pressure side of the throttle valve (engine side). A small amount
of air is allowed through the screw arrangement as shown in Fig. 22.23. This helps in the initial adjustment
of the proper amount of fuel to be supplied. The air passing through air screw is used as carrier.

In this way, the starting jet supplies sufficiently rich mixture to the engine.

There is no flow of fuel or very small flow through the main jet during starting as the pressure difference
(Ap) causing the flow of fuel is small.

As the throttle is opened (engine started), the suction above the throttle valve (towards the engine side)
decreases and the suction (or Ap) at the main fuel jet increases. This causes less flow of fuel through starting
jet and more flow of fuel through the main jet. At the wide open throttle (normal running speed of the engine),
the suction near the throttle valve (towards the engine side) is not sufficient to draw any fuel from the starting
jet and the required fuel is entirely supplied by the main fuel jet. The starting jet is an elementary single
jet like main jet which supplies rich mixture at nearly closed throttle position and a progressively weaker
mixture as the throttle is opened and stops the fuel supply under normal running condition.

22.7.6. Compensating Devices

A mixture of constant air-fuel ratio is always required for wide range of speed of an engine for economic
operation. This required condition cannot be fulfilled with a single jet carburettor as it gives richer mixture
with increasing speed. A number of devices are used to fulfil the above requirement. The increased richness
of the mixture with increasing speed can be reduced either by supplying more quantity of air (proportionately
!nfifcased) or reducing the quantity of fuel supplied (proportionately decreased) and A : F ratio of the
fuxture supplied to the engine is maintained constant at all normal running speeds. These devices used to
maintain the A : F ratio constant irrespective of speed of the engine are known as compensating devices.
The commonly used compensating devices are listed below :

L. Auxiliary Air Valve 2. Compensating Jet

3. Pressure Reduction in the Float Chamber 4. Tapered Metcririg Pin.

The arrangements of different systems and their working are described below :
I. Auxiliary Air Valve. Fig. 22.24 shows the arrangement of auxiliary air valve. The vacuum near
ntuii increases with the increasing speed of the engine and this causes the valve spring to lift the valve

2.4 THERMAL ENGINEER NG
ratio. Therefore, a separate armngcmcnl 15 provided i o [lny/na
to supply nch mixture to the engine duning starting | . \_ POSition ot narmy
The separate arrangement is used for strating known Screw gl I} | remning o engine
b1 ! -
as pilot jet. o rmen PR e BTN masiton of
The arrangement of the starting jet is shown 777 "¢ il N l [L # | #me or sharting
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: 3 3 [ A
1] Flg 22.23. ‘ ) 4 T . J I - Jr‘{ ) / { b
A fuel line connection from the main hine 1s I/d | | {* \ St
raken as shown in Fig. 22.23 and it ts connected to ( . f i [ 5 H v
. ine < “the s valve Flool { ] S -
a point near the engine side of the throttle valve { ‘ C Wt e
At the starung, the throttle valve is nearly Ulibd ¥ |
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Fig. 22.24. Auxiliary Valve Carburetior. Fig. 22.25. Auxiliary Port Carburettor
Compensating jet or Double jet. The 7o Engine

arrangement of the compensating jet is shown in

f the main jet and
_ Ayxifiary

Fig. 22.26. The area 0
compensating jet provided for supplying the fuel Pesvpisr
is equivalent to a single main jet. The total area

Mo Je

of both is designed to give required A : F ratio

for a particular speed.

With the increase in speed, the main jetas
well as compensating jet deliver more fuel and
mixture becomes richer. The characteristic of the
compensating jet of making the mixture rich
reverse within a very short period. The flow of

fuel through the compensating jet increases with

the increasing speed but the flow of fuel from
From Almosphere

the float chamber to the auxiliary well is
restricted by an orifice ‘@’ as shown in figure. Fig. 22.26. Double jet compensative device.

The fuel level in the auxiliary well decreases with an increase

in_speed of the engine because the fuel supplied from the
auxiliary well to the compensating jet is more than the fuel

supplicd from the float chamber (0 the aux ety well through
the restricted orifice .0’ This (decreasing the fuel level in
the auxiliary well) is continued until the fuel level in the
auxiliary well falls below the restricted orifice. When this
condition is reached, the pressure on the downstream side
of the auxiliary jet is atmospheric and becomes independent
of the pressure in the venturi. The compensating jet delivers
Jean mixture and this compensates for the rich mixture
supplied by the maln jet under increased speed of the engine
rall A : F ratio is maintained constant.

Fig. 22.27.

and the ove
The air-fuel characteristics of each of these jets and a combined characteristic are shown in Fig. ~
c are ig.
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22.7.7. Astomatic Choke

kimywm&aﬁcﬁmmm&hmhmﬂmi'ﬁhw
by providing starting jet and 2 valve in
the air-passage on the zir stream side of
e vemtwri This valve is known as
choke valve.

The choke valve is kept almost
closed during stating in cold weather.

fuel jet and causes extra flow of foel  Fuew i
through the jet and enrich the mixtore. 1‘@

choke closed. As soon as the engine
starts, the manifold vacuum causes the
vacuum piston 10 tend to open the choke
which was held in nearly closed position
before starting the engine by the tension
of the spring type thermostat. ‘ l
As the engine starts, the exhaust B £xgine :
gases heat the thermostat casing which ) i
decreases the tension of the thermostat
spring and allows the thermostat to ' Fig. 22.29. Automatic Choking.
permit the choke to open to wide-open position.
gimmmymamymwwﬂmﬁ@ﬂ“wfmm
Jet. compensating jet and accelerating device. The arrangement of this carburettor is shown in Fig.




