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Unit 3. Carburettor
University Questions:
1. Describe with suitable sketches : Main meteringesysand Idling system
2. Draw the neat sketch of a simple carburettor arpdaéx its working. What are the drawbaaidsa
simple carburettor?
3. Define the term idling. Explain why a rich mixture required for idling system of a modern
carburettor.
What are the mixture requirements for idling andnmal power range? Describe with suitable
sketches idling system and main metering system.
Describe acceleration pump system and choke ofdemaarburettor.
What are the major difficulties to be faced if nple carburettor is used in an automobile engine?
Discuss the air fuel mixture requirements for vasigtates of engine operations.
Describe with suitable sketches the following syst@f carburettor:
a) Main metering system
b) Idling system
c) Power enrichment or economiser system
9. Derive an expression for air fuel ratio taking coegsibility into account.
10. Elaborate with point the mixture requirements #edent loads and speeds.
11.Explain with diagram the operation of modern caelior at i) metering system ii) idling system
12.What is petrol injection? What are its advantages disadvantages with conventional carburettor
system?
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Definition of Carburettor: “The process of formation of combustible fuel-aixtare by mixing the proper
amount of fuel with air before admission to engiyknder is called Carburetion and the device widoes
this job is called Carburettor.”

Factors affecting Carburetion:
1) Engine speed (i.e. time for carburetion)
2) The vaporisation characteristics of the fuel
3) The temperature of the incoming air (more vapoosabut lessery’).
4) The design of the carburettor (intake manifold tehgCombustion chamber shape: for uniform
distribution of mixture)

Properties of air-Fuel (Petrol) mixture:
Fuel and air are mixed to form three different typé&mixtures:
1) Chemically correct (stoichiometric) mixturé is the mixture in which there is just enough far
complete combustion of the fuel. Ex. To burn onedtgOctane completely 15.12 kg of air is
required. Hence, chemically correct A/F ratio fart@he is 15:1 (approximately).

2) Rich mixture A mixture which contains less air than the staafetric requirement is called a rich
mixture (ex. A/F ratio: 12:1, 10:1 etc.)

3) Lean mixtureA mixture which contains more air than the stoachetric requirement is called a lean
mixture (ex. A/F ratio of 17:1, 20:1 etc.)

Beyond the combustible range, the ratio is eitberrich or too lean to sustaftame propagation This
range of useful A/F ratio runs from approximate®;1 (lean) to 9:1 (rich).
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MIXTURE REQUIREMENTS
The primary requirement is that, the carburettasusth provide an A/F ratio in accordanwith engine
operating requirements and this ratio must be withe combustible rang

1. Mixture requirements for Maximum power:
Figurel shows the maximum power obtained at about 12.5:1 air fuel ratio. Maximunergy is release
with slightly excess fuel is introduced so thattak oxygen present in the cylinder is utilised.réuel
than this is of no use. The combustion of excess$ Wiiith the same amount oxygen results in smaller
energy release due to partial and incomplete cotidousMore carbon monoxide is formeMechanical
Efficiency is maximum at maximum power positit
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2. Mixture requirement for minimum specific fuel consumption:
At full throttle, the maximum efficiency occurs ah A/F ratio of about 17:1. The maximum efficier
occurs at a point slightly leaner than chemically correct A/F ratio because excess aiuireq for
complete combustion of fugthen mixing is not perfect; and the power, maximemperatures associat
with the inlet mixture favourably affect the chealiequilibrium and specific inlet of the gases. Hwer, if
the mixture is made too lean, the flame speeddaaed so much thihe large time losses overcome
abovementioned beneficial effects, and the efficiendisfaff.

3. Mixture requirements at different loads and speed:

! Full throttle,
Stolichi. constant speed
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Fig.1 Variation of power output and specific fuel consuimp with A/F ratio for an Sl engit
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Consider an engine operatingalt throttle andconstant speedvith varying A/F ratio.

The mixture corresponding to the maximum outputfencurve is called thbest powe mixture with an
A/F ratio of approximately 12:1.

The mixture corresponding to the minimum point loa trake specific fuel consumption’ is called best
economy mixture The A/F ratio is approximately 16:

It is seen that théest power mixture is muchricher than the chemically correct mixture and best
economy mixtureis slightlyleanerthan the chemically correc

Under normal conditions, it is desirable run the engine on the maximum economy mixture, exgund
16:1 A/F ratio.

For quick acceleration and for maximum power, nalkture 12:1 A/F ratio is require

There are three generanges of throttle (valve) operat:
i) Idling (no load conditiorof engine with nearly closed throttle; mixture mhetrich
i) Cruising (smooth operation of engine; mixture must be leg
iii) High power [sudden speed rise (p-up) or maximum loaded condition of engine; mixtumast be
rich]

Following Fig. 2 represents tigal engine requiremen
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Fig.2 Performance of Carburettor necessary to fulfil agiequiremen

1. Idling Range (A-B):
Under idling conditions, the engine requires a maixture, because of exhaust gas dilution of tlesH
charge during suction stroke. Since, the clearaotane is constant, the mass of exhaust gas retair
the cylinder at the end of exhaust strcends to remain fairly constant throughout the theaiperation
The amount of fresh charge sucked in during idiimgnuch less than that during the full thro
operation, due to the restricted opening of thettla. This results in much larger pration of exhaust
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gas being mixed with the fresh charge under idtiogditions.The presence of this exhaust gas tenc
obstruct the contact of fuel and air parti- a requirement necessary for combustion. This resulpoor
combustion and loss of per. It is therefore, necessary to provide moré paeticles by richening the
fuel mixture.

2. Cruising Range (B-C):
As the throttle gradually opened from A to B, théhaust gasdilution of the fresh charge reduct
Mixture requirements then proceclong line AB to a leaner A/F ratio required foretleruising
operation. In the cruising rangB-C), the exhaust gas dilutiggroblem is relatively insignificant. Tt
primary interest lies in obtaining the maximum feebnomy. In this range carburetprovides engine
with the best economy mixture.

3. Power Range (C-D):
During maximum power operation, the engine requaréshermixture dueto the bllowing reason:
To provide best powelSince high power is desired, the carburettoirgetfi.e., fully opened throttle)
draws more quantity fuel and sufficient air (ileest power mixture) in the combustion chamber w
will produce the maximum pow:

Simple Carburettor

Working principle :

Both air and petrol are drawn through the carbarethd intcthe engine cylinders by the suction create
the downward movement of the piston. In the cartboreair passing through into the combustion char
picks up fuel discharged from a carburettor jevihgfine orifice). The rate at which fuel is diseged into
the air depends on the pressure difference betwveefloat chamber and the throat of the venturithis$
throat due to increase of velocity of flow, a sonteffect is created. The spray of gasoline fromjét anc
the air entering through ¢hventuri tube are mixed together and a combustibi¢ure is formed whicl
passes through the intake manifold into the cykisc
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Fig. 3 Simple Carburettor principle

Description and working of Simple Carbure: It consists of a float chamber, nozzle, meterinifjoar, a
venturi and a throttle valve. During suction créaly the piston movement in the cylinder the ddferal
pressure between the float chamber and the thfahteoventure, known as carbure depression, fuel is
discharged into the air streaifhe fuel discharge is affected by the size of thasgharge jet and it is
chosen to give the required air fuel ratic To avoid overflow of fuel through the jet, the level of the ligt
in the float chamér is maintained at a level slightly below the ¢ipthe carburettor discharge jet. T
amount of charge (A+F) delivered to the engine dbieved by the throttle (butterfly) valve, which
situated after the venturi in the flow pa
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As the throttle is closed less air flows through tlenturi tube and less is the quantity of air foretture
delivered to the cylinder and hence power outpuedkiced (quantity governed engine). As the tleradt
opened, more air flows through the venturi tubelltesy in increased quantity of mixture being delied to
the engine. This increases the engine power output.

Limitation/drawback/disadvantage of simple carburetor: The simple carburettor provides the required
A/F ratio only at one throttle position. At the eththrottle positions the mixture is either leanericher
depending upon whether the throttle is openeddessore. e.g. during starting or idling conditisisple
carburettor is unable to supply rich mixture. Sanik the case during sudden accelerating condition

MODERN CARBURETTOR

The modern carburettor is designed in such a way ttie fuel air mixture supplied to the enginens i
proportion and it is in order to meet the requiram&he essential parts of modern carburettor eas-[g. 4,
are listed below:

1) Float chamber

The function of float chamber is to supply the fteethe nozzle at a constant pressure head. Thissisible
by maintaining a constant level of the fuel in float bowl, by means of needle valve mechanisms Tinel
level must be maintained slightly below the maizzie-outlet-holes in order to provide the correcbant
of fuel flow and to prevent Surging (leakage oflftrem the nozzle during tilting of vehicle) whehet
engine is not operating.

2) Fuel Strainer

The gasoline has to pass through a narrow noz#eTex prevent possible blockage of the nozzle bgtd
particles the gasoline is filtered by installinglfistrainer at the inlet to the float chamber @f tarburettor.
The strainer is usually removable so that it cataken out and thoroughly cleaned.

3) Throttle valve

The main purpose of throttle valve is to vary themtity of air fuel mixture during suction stroké Sl
engine. The throttle valve is located downstreathe sf the venturi (i.e. between the carburettotwemnd

the inlet manifold of the engine). The more thettle is closed, the greater is the obstructiotheflow of
(A+F) mixture and lesser is the quantity of mixtusepplied to the cylinders (S| engines are quantity
governed). The decreased quantity of mixture gless powerful impulse to the pistons and the power
output of the engine is reduced. Opening the tleraitreases the power output and the speed arthme.

In short, it doesn’t make mixture rich or lean, theottle is only a means to regulate the outpuhefengine

by varying the quantity of charge (Air fuel mixtyigoing to the cylinder.

4) Choke or cold starting system

A rich mixture is required to start the engine witdn cold. At lesser atmospheric temperature ovisation
tendency of fuel reduces. It is therefore necestapyovide rich mixture during cold starting oktkengine.
During starting, this valve is operated gbut off partially the supply of air to the carburettor. Partial-
shutting off air-supply enrich the fuel-air mixtusepplied to the cylinder, which create a combuestéir
fuel mixture in the combustion chamber.
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5) Idling system:

Motor vehicle engines require a rich mixture folind and low speed operation (about 12 parts byglate
air to one part by weight of fuel, 12:1). This stcomes into action during starting, idling ang kpeec
operation and goes out of action whee throttle is opened beyond about 20%.

With the throttle partially closed, the limited diow causes very little depression (pressure dadpthe
nozzle exit which will not be sufficient to drawyafuel through the main nozzl

At the same time, thvery low pressure on the downstream side oftitatte causes the fuel to rise in-
idle tube and to be discharged through the idlirsgltarge port (opening) directly into the engintake
manifold.

This suction also draws air through the idlingldeed which combines with the gasoline to help visg«
and atomize it as it passes through the idle pasThe fuel and air leaving the idle discharge porhbme
with the air stream that is going pés¢ throttle in the manifold to produce the cormactture.

As the throttle is opened and the main air flowngeased which draws fuel from the main fuel lfietnakes
the pressure depression at the idling port lessgtesser that puts idling sem out of action

6) Metering system
Themain metering system of a carburettor is designeslipply enearly constant basis fuel air rati,
over a wide range of speeds and loads. This mixtanesponds approximately to best economy ai
throttle (A/Fratio ~ 15.6). Since a simple carburettor tendertoch the mixture at higher speeds
automatic compensating devices are incorporatedemain metering system to economize the mi
i.e, 15.6:1. These devices are:

i) Use of acompensating je that allows an increasing flow of air through alfpassage as tt
mixture flow increases.
i) Use of Emulsion tube for air bleedi

i) Back suction control or pressure reduction
iv) Use of an auxiliary air valve or port that autoroaliy admits additionaair as mixture flow
increases.

1) Compensating jet device:
In this device, in addition to the main jet, a cemgating jet is provided which is in communicai
with a compensating well. The compensating wetigen to atmosphere and gets its fuel supjom
the float chamber through a restricting orifice. tAe air flow increases, the level of fuel in thelk
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decreases, thus reducing the fuel supply throughpeosating jet. The compensating jet thus tends
towards leanness as the main jet tends towardsessh the sum of the two remains constant.
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7) Accelerating system

When it is required to accelerate the engine rgpalsimple carburettor will not provide the re@uirrich
mixture. Rapid opening of throttle will be immedibt followed by an increased airflow, but the inemf

the liquid fuel will cause at least a momentarian mixture just when richness is necessary forepow
(pickup). To overcome this deficiency an acceleratpump is provided, as shown in figure. The pump
consists of a spring loaded plunger. A linkage rme@m is provided so that when the throttle isdipi
opened the plunger moves into the cylinder andefoen additional fuel into the venturi of carburett
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8) Power enrichment or Economizer system

As the maximum power range of operation (75% to%0d0ad) is approached, some device must allow
richer mixture (A/F ratio 13.1:1) to be suppliedspite the compensating leanness. Such a devideis t
‘meter rod economiser’, shown in fig.

This device provides a rich uneconomical mixtur@igh load demand without interfering with econoahic

operation in the normal power range. It simply pdeg a large orifice opening to the main jet astlinettle
is opened beyond a certain point.
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Basic types of Carburettors:
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Qu. What is petrol injection? What are its advaetagnd disadvantages with conventional carburettor
system?
Drawbacks/disadvantages of conventional carburett:

1)

2)
3)
4)
5)

6)

In multi-cylinder engines, the mixture suppliedv@rious cylinders changes in quality and quantity
because the suction manifold passages are of unéEngths. The mixture proportion is also
affected due to fuel condensation in inlet mangafat lower temperatures).

Carburettors do not give free flow passage fomtingure, because of presence of choke tubes, jets,
throttle valves, inlet pipe bends etc. Thus theress of volumetric efficiency.

The carburettor has many wearing parts. After veeédinese parts, it operates less efficiently.
Carburettor icing may take place at low temperature

Surging (rising and falling or spilling) of fuelka place when the carburettor is tilted (during air
filling in case of scooter) or during acrobaticsircraft.

Backfiring may take place and there is risk of figgliting outside the carburettor unless flame-grap
are provided.

Petrol Injection System:

In petrol injection system, petrol is injected ditg into the combustion chamber of (cylinder) hyeff
pump. However, there is difference between petijektion and diesel injection method.

In diesel engine, the moment at which fuel injatttarts has a very significant influence on thalgastion
process because the fuel ignites with the highiym@ssed air. In this situation it is necessarstaot fuel at
about 15° to 25° before top dead centre (i.e. atetid of compression stroke). The fuel injectioespure
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has to be higher than the maximum compression ymes$he fuel injection pressure is about 120 par a
above.
In petrol injection, fuel injection timing is natitical and the petrol can be injected during Huetion
stroke in the inlet manifold even at low pressurésere are two important methods of injection are
continuous injection system and timed injectiorterys

1) In case ofcontinuous injection system, fuel is sprayed at low pressure continuously thi® air
supply during suction stroke. No timing device $ed. Pdvantagesof continuous injection system:
a) It promotes efficient atomization of fuel and umifo strength of mixture, b) the evaporative
effect of fuel cools the compressed charge andsdigher volumetric efficiency]
2) The timed injection system’is similar to high speed diesel engines. Herd,dupply is controlled
by opening of air throttle at regular intervals

Methods of Petrol injection system:
» Injection into intake manifold by low pressure icjen system
» Direct injection into cylinders by high pressurgtion system
* Semi-direct injection close to inlet valve

Advantages of Petrol injection system
1. Increased volumetric efficiency and hence increas&ger and torque,
2. Better distribution of mixture to each cylinder amehce lower specific fuel consumption,
3. Freedom from blowbacks and icing
4. Better starting and acceleration
5. Lower mixture temperature in the engine cylinders
Disadvantage of petrol injection system
1. High initial cost
2. Increase service problem
3. More weight than carburetor system
4. Injection systems produce more noise

Two types of petrol injection depending upon numbepf locations of injection points:
1) Single point fuel injection (SPFI) 2) Multipoint fuel injection (MPFI)

1-Fuel injection line, 2-Air from air filter,  3- Throttle valve,  4- inlet manifold,
5-petrol injectors, 6-cylinder bak
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ELECTRONIC FUEL INJECTION SYSTEM

Modern fuel injection systems use engine sensonaputer, and a solenoid operated fuel injectors t
meter and injects the right amount of fuel into #rgyine cylinders. These systems called electriu@t
injection (EFI) that use electrical and electraméwvices to monitor and control engine operation.

An electronic control unit (ECU) or the computecewves electrical signals in the form of currentoltage
from various sensors. It then uses the stored tdatgerate the injectors, ignition system and o#ragine
related devices. As a results less unburned fawkke the engine as emissions and the vehicle Qetbsr
milage.

It consist of four units

1.

Fuel delivery system

The fuel delivery system consists of an electrjcdliven fuel pump which draws fuel from the fuel
tank and forces it through a filter, into a presgsiure via pressure regulator.

Air induction system

The incoming air flows from air filter to an airofk meter designed to generate a voltage signal,
which is dependent on air flow.

A cold start magnetic injection valve is fitted jusehind the throttle valve to inject additionaéfu
for cold start.

After cold start the extra air required for idlimgaddition to richer air-fuel mixture is supplibg an
auxiliary air valve which by-passes the throttldvea This extra air is needed to increase engine
speed after cold start to the acceptable idlingdpe

Electronic control unit

The operating data are measured at different lmeatof the engine by sensors and then transmitted
electrically to the electronic control unit whicliroputes the amount of fuel injected during each
engine cycle. The sensors used are for manifoldspre, engine speed and temperature at intake
manifold. The amount of fuel injected is variedvayying the injector opening time only.

Typical sensors for an electronic fuel injectiosteyn include the following;

)

Exhaust gas or oxygen sensor: It senses the anajuokygen in the engine exhaust and
calculates air fuel ratio to supply in the comburstthamber.

Engine temperature sensor: It senses the temperaittine engine coolant and from this data the
computer adjusts the mixture strength to rich saeold starting.

Air flow sensor: It monitors mass or volume of #awing into the intake manifold for adjusting
the quantity of fuel.

Air inlet temperature sensor, v) Throttle positieansor, vi) Manifold pressure sensor, Vvii)
Camshaft position sensor, viii) Knock sensor
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Advantages of EFI system:

i) Improvement in the volumetric efficiency due to qmaratively less resistance in the intake
manifolds.

i) It eliminates the carburettor pressure losses &mdsh eliminates the requirement of manifold
heating.

iii) Manifold wetting is eliminated since the fuel igeicted into or close to the cylinder and need not
flow through the manifold

iv) Better atomization leads to easier starting ofethgine.
V) Carburettor icing is eliminated
Vi) Less volatile fuel can be used since distributiozbfem is eliminated.

vil)  Variation of air fuel ratio is almost negligible &v when the vehicles takes different positions

like turning, moving on gradients, uneven roads etc

Disadvantages of EFI system:
1) High maintenance cost,
2) Difficulty in servicing, and

3) Possibility of malfunction of some sensors
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