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UNIT-I  CARBURETION 
 
Introduction 

 

Spark-ignition engines normally use volatile liquid fuels. Preparation of fuel-air mixture 
is done outside the engine cylinder and formation of a homogeneous mixture is normally 

not completed in the inlet manifold. Fuel droplets, which remain in suspension, continue 
to evaporate and mix with air even during suction and compression processes. The 
process of mixture preparation is extremely important for spark-ignition engines. The 

purpose of carburetion is to provide a combustible mixture of fuel and air in the required 
quantity and quality for efficient operation of the engine under all conditions.  

 
Definition of Carburetion 

 

The process of formation of a combustible fuel-air mixture by mixing the proper amount 
of fuel with air before admission to engine cylinder is called carburetion and the device 

which does this job is called a carburetor.  
 
Factors Affecting Carburetion 

 

Of the various factors, the process of carburetion is influenced by 

i. The engine speed 
ii. The vaporization characteristics of the fuel 
iii. The temperature of the incoming air and 

iv. The design of the carburetor 
 
Principle of Carburetion 

 

Both air and gasoline are drawn through the carburetor and into the engine cylinders by 

the suction created by the downward movement of the piston. This suction is due to an 
increase in the volume of the cylinder and a consequent decrease in the gas pressure in 
this chamber. It is the difference in pressure between the atmosphere and cylinder that 

causes the air to flow into the chamber. In the carburetor, air passing into the combustion 
chamber picks up discharged from a tube. This tube has a fine orifice called carburetor jet 

that is exposed to the air path. The rate at which fuel is discharged into the air depends on 
the pressure difference or pressure head between the float chamber and the throat of the 
venturi and on the area of the outlet of the tube. In order that the fuel drawn from the 

nozzle may be thoroughly atomized, the suction effect must be strong and the nozzle 
outlet comparatively small. In order to produce a strong suction, the pipe in the carburetor 

carrying air to the engine is made to have a restriction. At this restriction called throat due 
to increase in velocity of flow, a suction effect is created. The restriction is made in the 
form of a venturi to minimize throttling losses. The end of the fuel jet is located at the 

venturi or throat of the carburetor. The geometry of venturi tube is as shown in Fig.16.6. 
It has a narrower path at the center so that the flow area through which the air must pass 

is considerably reduced. As the same amount of air must pass through every point in the 



tube, its velocity will be greatest at the narrowest point. The smaller the area, the greater 
will be the velocity of the air, and thereby the suction is proportionately increased  

 
As mentioned earlier, the opening of the fuel discharge jet is usually loped where the 

suction is maximum. Normally, this is just below the narrowest section of the venturi 
tube. The spray of gasoline from the nozzle and the air entering through the venturi tube 
are mixed together in this region and a combustible mixture is formed which passes 

through the intake manifold into the cylinders. Most of the fuel gets atomized and 
simultaneously a small part will be vaporized. Increased air velocity at the throat of the 

venturi helps he rate of evaporation of fuel. The difficulty of obtaining a mixture of 
sufficiently high fuel vapour-air ratio for efficient starting of the engine and for uniform 
fuel-air ratio indifferent cylinders (in case of multi cylinder engine) cannot be fully met 

by the increased air velocity alone at the venturi throat. 
 

The Simple Carburetor 

 

Carburetors are highly complex. Let us first understand the working principle bf a simple 

or elementary carburetor that provides an air fuel mixture for cruising or normal range at 
a single speed. Later, other mechanisms to provide for the various special requirements 

like starting, idling, variable load and speed operation and acceleration will be included. 
Figure 3. shows the details of a simple carburetor.                            

                         
                          Figure: 3 The Simple Carburetor 

 
The simple carburetor mainly consists of a float chamber, fuel discharge nozzle and a 

metering orifice, a venturi, a throttle valve and a choke. The float and a needle valve 
system maintain a constant level of gasoline in the float chamber. If the amount of fuel in 



the float chamber falls below the designed level, the float goes down, thereby opening the 
fuel supply valve and admitting fuel. When the designed level has been reached, the float 

closes the fuel supply valve thus stopping additional fuel flow from the supply system. 
Float chamber is vented either to the atmosphere or to the” upstream side of the 

venturi.During suction stroke air is drawn through the venturi.  
 

As already described, venturi is a tube of decreasing cross-section with a 

minimum area at the throat, Venturi tube is also known as the choke tube and is so 
shaped that it offers minimum resistance to the air flow. As the air passes through the 

venturi the velocity increases reaching a maximum at the venturi throat. Correspondingly, 
the pressure decreases reaching a minimum. From the float chamber, the fuel is fed to a 
discharge jet, the tip of which is located in the throat of the venturi. Because of the 

differential pressure between the float chamber and the throat of the venturi, known as 
carburetor depression, fuel is discharged into the air stream. The fuel discharge is 

affected by the size of the discharge jet and it is chosen to give the required air- fuel ratio. 
The pressure at the throat at the fully open throttle condition lies between 4 to 5 cm of 
Hg, below atmospheric and seldom exceeds8 cm Hg below atmospheric. To avoid 

overflow of fuel through the jet, the level  of the liquid in the float chamber is maintained 
at a level slightly below the tip of the discharge jet. This is ca lled the tip of the nozzle. 

The difference in the height between the top of the nozzle and the float chamber level is 
marked h in Fig.3. 

 

The gasoline engine is quantity governed, which means that when power output is 
to be varied at a particular speed, the amount of charge delivered to the cylinder is varied. 

This is achieved by means of a throttle valve usually of the butterfly type that is situated 
after the 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 cylinder and hence power output is 

reduced. As the” throttle is opened, more air flows through the choke tube resulting in 
increased quantity of mixture being delivered to the engine. This increases the engine 

power output. A simple carburetor of the type described above suffers from a 
fundamental drawback in that it provides the required A/F ratio only at one throttle 
position. At the other throttle positions the mixture is either leaner or richer depending on 

whether the throttle is opened less or more. As the throttle opening is varied, the air flow 
varies and creates a certain pressure differential between the float chamber and the 

venturi throat. The same pressure differential regulates the flow of fuel through the 
nozzle. Therefore, the velocity of flow of air II and fuel vary in a similar manner. At the 
same time, the density I of air decrease as the pressure at the venturi throat decrease with 

increasing air flow whereas that of the fuel remains unchanged. This results in a simple 
carburetor producing a progressively rich mixture with increasing throttle opening.  

 
 

 

 

 

 

 

 

 



The Choke and The Throttle  

 

When the vehicle is kept stationary for a long period during cool winter seasons, may be 
overnight, starting becomes more difficult. As already explained, at low cranking speeds 

and intake temperatures a very rich mixture is required to initiate combustion. Some 
times air-fuel ratio as rich as 9:1 is required. The main reason is that very large fraction of 
the fuel may remain as liquid suspended in air even in the cylinder. For initiating 

combustion, fuel-vapour and air in the form of mixture at a ratio that can sustain 
combustion is required. It may be noted that at very low temperature vapour fraction of 

the fuel is also very small and this forms combustible mixture to initiate combustion. 
Hence, a very rich mixture must be supplied. The most popular method of providing such 
mixture is by the use of choke valve. This is simple butterfly valve located between the 

entrance to the carburetor and the venturi throat as shown in Fig.3.  
 

When the choke is partly closed, large pressure drop occurs at the venturi throat 
that would normally result from the quantity of air passing through the venturi throat. The 
very large depression at the throat inducts large amount of fuel from the main nozzle and 

provides a very rich mixture so that the ratio of the evaporated fuel to air in the cylinder 
is within the combustible limits. Sometimes, the choke valves are spring loaded to ensure 

that large carburetor depression and excessive choking does not persist after the engine 
has started, and reached a desired speed. This choke can be made to operate automatically 
by means of a thermostat so that the choke is closed when engine is cold and goes out of 

operation when engine warms up after starting. The speed and the output of an engine is 
controlled by the use of the throttle valve, which is located on the downstream side of the 

venturi.  
 
The more the throttle is closed the greater is the obstruction to the flow of the 

mixture placed in the passage and the less is the quantity of mixture delivered to .the 
cylinders. The decreased quantity of mixture gives a less powerful impulse to the pistons 

and the output of the engine is reduced accordingly. As the throttle is opened, the output 
of the engine increases. Opening the throttle usually increases the speed of the engine. 
But this is not always the case as the load on the engine is also a factor. For example, 

opening the throttle when the motor vehicle is starting to climb a hill may or may not 
increase the vehicle speed, depending upon the steepness of the hill and the extent of 

throttle opening. In short, the throttle is simply a means to regulate the output of the 
engine by varying the quantity of charge going into the cylinder.  

 

Compensating Devices 
 

An automobile on road has to run on different loads and speeds. The road conditions play 

a vital role. Especially on city roads, one may be able to operate the vehicle between 25 
to 60% of the throttle only. During such conditions the carburetor must be able to supply 

nearly constant air-fuel ratio mixture that is economical (16:1).However, the tendency of 
a simple carburetor is to progressively richen the mixture as the throttle starts opening. 
The main metering system alone will not be sufficient to take care of the needs of the 

engine. Therefore, certain compensating devices are usually added  



in the carburetor along with the main metering system so as to supply a mixture with the 
required air-fuel ratio. A number of compensating devices are in use. The important ones 

are 
 

i. Air-bleed jet 
ii. Compensating jet 
iii. Emulsion tube 

iv. Back suction control mechanism 
v. Auxiliary air valve 

vi. Auxiliary air port 
 
As already mentioned, in modern carburetors automatic compensating devices are 

provided to maintain the desired mixture proportions at the higher speeds. The type of 
compensation mechanism used determines the metering system of the carburetor. The 

principle of operation of various compensating devices are discussed briefly in the 
following sections. 

 

 
Air-bleed jet 

 

                                        
 

 

                                 Figure: 4 Air bleed principle in a typical carburetor 
 

Figure 4. illustrates a principle of an air-bleed system in atypical modern downdraught 
carburetor. As could be seen it contains an air-bleed into the main nozzle. An orifice 
restricts the flow of air through this bleed and therefore it is called restricted air-bleed jet 

that is very popular. When the engine is not operating the main jet and the air bleed jet 
will be filled with fuel. When the engine starts, initially the fuel starts coming through the 

main as well as the air bleed jet (A). As the engine picks up, only air starts coming 
through the air bleed and mixes with fuel at B making a air fuel emulsion. Thus the fluid 
stream that has become an emulsion of air and liquid has negligible viscosity and surface 



tension. Thus the flow rate of fuel is augmented and more fuel is sucked at low suctions. 
‘By proper design of hole size at B compatible with the entry hole at A, it is possible to 

maintain a fairly uniform mixture ratio for the entire power range of the operation of an 
engine. If the fuel flow nozzle of the air-bleed system is placed in the centre of the 

venturi, both the air-bleed nozzle and the venturi are subjected to same engine suction 
resulting approximately same fuel-air mixture for the entire power range of operation.  
 

Compensating Jet 

 

                             
                                   Figure: 5 Compensating Jet device 

 

The principle of compensating jet device is to make the mixture leaner as the throttle 
opens progressively. In this method, as can be seen from Fig.5 in addition to the main jet, 
a compensating jet is incorporated. The compensating jet is connected to the 

compensation well. The compensating well is also vented to atmosphere like the main 
float chamber. The compensating well is supplied with fuel from the main float chamber 

through a restricting orifice. With the increase in airflow rate, there is decrease of fuel 
level in the compensating well, with the result that fuel supply through the compensating 
jet decreases. The compensating jet thus progressively makes the mixture leaner as the 

main jet progressively makes the mixture richer. The main jet curve and the 
compensating jet curve are more or less reciprocals of each other.  

 
Emulsion Tube  

 

The mixture correction is attempted by air bleeding in modern carburetor. In one such 
arrangement as shown in Fig.6, the main metering jet is kept at a level of about 25 mm 

below the fuel level in the float chamber. Therefore, it is also called submerged jet. The 
jet is located at the bottom of a well. The sides of the well have holes. As can be seen 
from the figure these holes are in communication with the atmosphere. In the beginning 

the level of petrol in the float chamber and the well is the same. When the throttle is 
opened the pressure at the venturi throat decreases and petrol is drawn into the air stream. 

This results in progressively uncovering the 



 

                            
 

Figure: 6 Emulsion Tube  
 

holes in the central tube leading to increasing air-fuel ratios or decreasing richness of 
mixture when all holes have been uncovered. Normal flow takes place from the main jet. 
The air is drawn through these holes in the well, and the fuel is emulsified and the 

pressure differential across the column of fuel is not as high as that in simple carburetor. 
Figure: 6 Emulsion Tube 

 
Acceleration Pump System 

 

Acceleration is a transient phenomenon. In order to accelerate the vehicle and 
consequently its engine, the mixture required is very rich and the richness of the mixture 

has to be obtained quickly and very rapidly. In automobile engines situations arise when 
it is necessary to accelerate the vehicle. This requires an increased output from the engine 
in a very short time. If the throttle is suddenly opened there is a corresponding increase in 

the air flow. However, because of the inertia of the liquid fuel, the fuel flow does not 
increase in proportion to the increase in air flow. This results in a temporary lean mixture 

ca11singtheengine to misfire and a temporary reduction in power output.  
 
To prevent this condition, all modern carburetors are equipped with an accelerating 

system. Figure 7. illustrates simplified sketch of one such device. The pump comprises of 
a spring loaded plunger that takes care of the situation with the rapid opening of the 

throttle valve. The plunger moves into the cylinder and forces an additional jet of fuel at 
the venturi throat. When the throttle is partly open, the spring sets the plunger back. 
There is also an arrangement which ensures that fuel in the pump cylinder is not forced 

through the jet when valve is slowly opened or leaks past the plunger or some holes into 
the float chamber. 

 
Mechanical linkage system, in some carburetor, is substituted by an arrangement where 
by the pump plunger is held up by manifold vacuum. When this vacuum is decreased by 



rapid opening of the throttle, a spring forces the plunger down pumping the fuel through 
the jet. 

 

                                       
Figure: 7 Acceleration pump system 

 
Types of Carburetors  

 

There are three general types of carburetors depending on the direction of flow of air. The 
first is the up draught type shown in Fig.8(a) in which the air enters at the bottom and 

leaves at the top so that the direction of its flow is upwards. The disadvantage of the up 
draught carburetor is that it must lift the sprayed fuel droplet by air friction. Hence, it 
must be designed for relatively small mixing tube and throat so that even at low engine 

speeds the air velocity is sufficient to lift and carry the fuel particles along. Otherwise, 
the fuel droplets tend to separate out providing only a lean mixture to the engine. On the 

other hand, the mixing tube is finite and small then it cannot supply mixture to the engine 
at a sufficiently rapid rate at high speeds.  

                                          
 

Figure: 8 Types of Carburetors 



 
In order to overcome this drawback the downdraught carburetor [Fig.8 (b)] is adopted. It 

is placed at a level higher than the inlet manifold and in which the air and mixture 
generally follow a downward course. Here the fuel does not have to be lifted by air 

friction as in the up draught carburetors but move into the cylinders by gravity even if the 
air velocity is low. Hence, the mixing tube and throat can be made large which makes 
high engine speeds and high specific outputs possible.  

 
A cross-draught carburetor consists of a horizontal mixing tube with a float chamber on 

one side of it [Fig.8(c)]. By using across-draught carburetor in engines, one right-angled 
turn in the inlet passage is eliminated and the resistance to flow is reduced.  
 

Constant Choke Carburetor: 

 

In the constant choke carburetor, the air and fuel flow areas are always maintained to be 
constant. But the pressure difference or depression, which causes the flow of fuel and air, 
is being varied as per the demand on the engine. Solex and Zenith carburetors belong to 

this class.  
 

Constant Vacuum Carburetor: 

 
In the constant vacuum carburetor, (sometimes called variable choke carburetor) air and 

fuel flow areas are being varied as per the demand on the engine, while the vacuum is 
maintained to be always same. The S.U. and Carter carburetors belong to tills class.  

 
Multiple Venturi Carburetor: 

 

Multiple venturi system uses double or triple venturi. The boost venturi is located 
concentrically within the main venturi.The discharge edge of the boost venturi is located 

at the throat of the main venturi. The boost venturi is positioned upstream of the throat of 
the larger main venturi. Only a fraction of the total air flows though the boost venturi. 
Now the pressure at the boost venturi exit equals the pressure at the main venturi throat. 

The fuel nozzle is located at the throat of the boost venturi.  
 

 

 

 

 

 

 

 

 



UNIT – II GASOLINE INJECTION AND IGNITION 

SYSTEM 
INTRODUCTION 

In internal combustion engines, gasoline direct injection (GDI), is a variant of fuel 

injection employed in modern two-stroke and four-stroke gasoline engines. The gasoline 

is highly pressurized in a common rail fuel line and injectors injects fuel directly into the 

combustion chamber of each cylinder.It is opposed to conventional multi-point fuel 

injection which injects fuel to the intake manifold. Gasoline direct injection enables a 

stratified fuel charge (ultra lean burn) combustion for improved fuel efficiency, and 

reduced emission levels at low load. 

TRANSITION OF FUEL SUPPLY SYSTEM 

The transition of the fuel supply system used in automobiles is graphically shown below. 

In carburetor the fuel from the fuel chamber is sucked in by the pressure variation caused 

due to the incoming air. The fuel then mixes with the air and reaches the cylinder through 

the inlet manifold. Where as in a port injection system the fuel to the cylinder is supplied 

by a separate fuel injector placed near the inlet valve of the cylinder. And in a direct 

injection system the fuel to the cylinder is supplied by a fuel injector placed inside the 

cylinder.

 

 

 

Fig1: Transition of Fuel Supply System 

 



OPERATING DIFFICULTIES FOR A CARBURETOR.  

Some problems associated with comfortable running of the carburetor are discussed here.  

1. Ice formation: The vaporisation of the fuel injected in the current of the air 

requires latent heat and the taken mainly from the incoming air. As a result of 

this, the temperature of the air drops below the dew point of the water vapour in 

the air and it condenses and many times freeze into ice if the temperature falls 

below dew point temperature.  

2. Vapour Lock: The improved volatility of modern fuels and the necessity of 

providing heat to prevent the ice formation, has created carburetion difficulties 

due to vaporisation of fuel in pipes and float chamber. The heating may also occur 

due to petrol pipes being near the engine. If the fuel supply is large and supply is 

small, a high velocity will result causing high vacuum. This causes considerable 

drop which may also cause the formation of vapour bubbles. If these bubbles 

formed accumulate at the tube bend, then they may interrupt the fuel flow from 

the tank or the fuel pump and engine will stop because of lack of fuel. Vapour 

lock is formed because of rapid bubbling of fuel and usually happens in hot 

summer. 

3. Back Firing: During the starting of an engine under cold working conditions, the 

usual manipulation of the choke varies the mixture from too lean to too rich. A 

very lean mixture will burn very slowly and the flame may still exist in cylinder 

when the exhaust valve is about to open. The fresh charge in the intake manifold 

is about to open. The fresh charge in the intake manifold is not so diluted as when 

inducted into the cylinder and mixed with the clearance gases and consequently 

burn more rapidly than the charge in the cylinder. If lean charge comes in contact 

with flames existing in the cylinder, there will be flash of flame back through the 

intake manifold, burning the charge therein and causing the customary back firing 

in the carburetor.  

ADVANTAGES OF FUEL INJECTION OVER CARBURETOR  

 The fuel injection eliminates several intake manifold distribution problems. One 

of the most difficult problems in a carbureted system is to get the same amount 



and richness of air-fuel mixture to each cylinder. The problem is that the intake 

manifold acts as a storing device, sending a richer air fuel mixture to the end 

cylinders. The air flows readily around the corners and through various shaped 

passages. However the fuel, because it is heavier is unable to travel as easily 

around the bends in the intake manifold. As a result, some of fuel particles 

continue to move to the end of the intake manifold, accumulating there. This 

enriches the mixture going the end cylinder. The center cylinder closest to the 

carburetor gets the leanest mixture. The port injection solves this problem because 

the same amount of fuel is injected at each intake valve port. Each cylinder gets 

the same amount of air-fuel mixture of the same mixture richness.  

 Another advantage of the fuel injection system is that the intake manifold can be 

designed for the most efficient flow of air only. It does not have to handle fuel. 

Also, because only a throttle body is used, instead of a complete carburetor. 

 With fuel injection, fuel mixture requires no extra heating during warm up. No 

manifold heat control valve or heated air system is required. Throttle response is 

faster because the fuel is under pressure at the injection valves at all times. An 

electric fuel pump supplies the pressure. The carburetor will depend on 

differences in air pressure as the force that causes the fuel to feed into the air 

passing through. 

 Fuel injection has no choke, but sprays atomized fuel directly into the engine. 

This eliminates most of the cold start problems associated with carburetors.  

 Electronic fuel injection also integrates more easily with computerized engine 

control systems because the injectors are more easily controlled than a mechanical 

carburetor with electronic add-ons.  

 Multi port fuel injection (where each cylinder has its own injector) delivers a 

more evenly distributed mixture of air and fuel to each of the engine's cylinders, 

which improves power and performance.  



 Sequential fuel injection (where the firing of each individual injector is controlled 

separately by the computer and timed to the engine's firing sequence) improves 

power and reduces emissions.  

 

ELECTRONIC FUEL INJECTION 

Engine Sensors: In order to provide the correct amount of fuel for every operating 

condition, the engine control unit (ECU) has to monitor a huge number of input sensors. 

Here are just a few: 

 

 

 

 

 

 

 

 

 

 

 

 

 Mass airflow sensor - Tells the ECU the mass of air entering the engine  

 Oxygen sensor - The device measures the amount of oxygen in the exhaust gas 

and sends this information to the electronic control unit. If there is too much 

oxygen, the mixture is too lean. If there is too little, the mixture is too rich. In 

either case, the electronic control unit adjusts the air fuel ratio by changing the 

fuel injected. It is usually used with closed loop mode of the ECU. 

Fig4: Various Sensors used in a GDI system 



 Throttle position sensor - Monitors the throttle valve position (which determines 

how much air goes into the engine) so the ECU can respond quickly to changes, 

increasing or decreasing the fuel rate as necessary  

 Coolant temperature sensor - Allows the ECU to determine when the engine has 

reached its proper operating temperature  

 Voltage sensor - Monitors the system voltage in the car so the ECU can raise the 

idle speed if voltage is dropping (which would indicate a high electrical load)  

 Manifold absolute pressure sensor - Monitors the pressure of the air in the intake 

manifold. The amount of air being drawn into the engine is a good indication of 

how much power it is producing; and the more air that goes into the engine, the 

lower the manifold pressure, so this reading is used to gauge how much power is 

being produced.  

 Engine speed sensor - Monitors engine speed, which is one of the factors used to 

calculate the pulse width.  

 Crank Angle sensor - Monitors the position of the piston and gives the 

information to the ECU. Accordingly the ECU adjusts the valve timing.  

 

Fuel Injectors: 

The solenoid-operated fuel injector is shown in the figure above. It consists of a valve 

body and needle valve to which the solenoid plunger is rigidly attached. The fuel is 

supplied to the injector under pressure from the electric fuel pump passing through the 

filter. The needle valve is pressed against a seat in the valve body by a helical spring to 

keep it closed until the solenoid winding is energized. When the current pulse is received 

from the electronic control unit, a magnetic field builds up in the solenoid which attracts 

a plunger and lifts the needle valve from its seat. This opens the path to pressurised fuel 

to emerge as a finely atomised spray.  

 

 



 

 

 

 

 

 

 

 

 

 

ELECTRONIC FUEL INJECTION 

There are two types of electronic fuel injection. They are,  

1. Multipoint Fuel Injection (MPFI) 

2. Gasoline Direct Injection (GDI) 

MULTI POINT FUEL INJECTION (MPFI) 

Engines with multi port injection have a separate fuel injector for each cylinder, mounted 

in the intake manifold or head just above the intake port.  

 

 

 

 

 

 

 Fig6: Fuel Injection in a MPFI system 



Thus, a four-cylinder engine would have four injectors, a V6 would have six injectors and 

a V8 would have eight injectors. Multi port injection systems are more expensive because 

of the added number of injectors. But having a separate injector for each cylinder makes a 

big difference in performance. The same engine with multi port injection will typically 

produce 10 to 40 more horsepower than one with carburetor because of better cylinder-

to-cylinder fuel distribution.  

Injecting fuel directly into the intake ports also eliminates the need to preheat the intake 

manifold since only air flows through the manifold. This, in turn, provides more freedom 

for tuning the intake plumbing to produce maximum torque.  

 

GASOLINE DIRECT INJECTION (GDI) 

 

Fig7: A GDI System 

In conventional engines, fuel and air are mixed outside the cylinder. This ensures waste 

between the mixing point and the cylinder, as well as imperfect injection timing. But in 



the GDI engine, petrol is injected directly into the cylinder with precise timing, 

eliminating waste and inefficiency.  

    By operating in two modes, Ultra-Lean Combustion Mode and Superior Output 

Mode, the GDI engine delivers both unsurpassed fuel efficiency and superior power and 

torque. The GDI engine switches automatically between modes with no noticeable shift 

in performance. 

 

MAJOR OBJECTIVES OF THE GDI  ENGINE 

 Ultra-low fuel consumption. 

 Superior power to conventional MPI engines  

THE DIFFERENCE BETWEEN NEW GDI AND CURRENT MPI  

For fuel supply, conventional engines use a fuel injection system, which replaced the 

carburetion system. MPI or Multi-Point Injection, where the fuel is injected to each 

intake port, is currently the one of the most widely used systems. However, even in MPI 

engines there are limits to fuel supply response and the combustion control because the 

fuel mixes with air before entering the cylinder. Mitsubishi set out to push those limits by 

developing an engine where gasoline is directly injected into the cylinder as in a diesel 

engine, and moreover, where injection timings are precisely controlled to match load 

conditions. The GDI engine achieved the following outstanding characteristics.   

 Extremely precise control of fuel supply to achieve fuel efficiency that exceeds that 

of diesel engines by enabling combustion of an ultra- lean mixture supply. 

 Very efficient intake and relatively high compression ratio unique to the GDI engine 

deliver both high performance and response that surpasses those of conventio nal MPI 

engines. 

OUTLINE: Major Specifications (Comparison with MPFI) 

Item GDI Conventional MPFI 

Bore x Stroke (mm) 81.0 x 89.0  

Displacement 1834  



TECHNICAL FEATURES  

TECHNICAL FEATURES  

The GDI engines foundation technologies 

There are four technical features that make up the foundation technologies are described 

below.  

 

 

 

 

 

 

 

 

 

 

 

 The Upright Straight Intake Port supplies optimal airflow into the cylinder.  

 The Curved-top Piston controls combustion by helping shape the air- fuel mixture. 

  The High Pressure Fuel Pump supplies the high pressure needed for direct in-

cylinder injection.  

Number of Cylinders IL-4  

Number of Valves Intake: 2, Exaust: 2  

Compression Ratio 12.0 10.5 

Combustion Chamber Curved Top Piston Flat top Piston 

Intake Port Upright Straight Standard 

Fuel System In-Cylinder Direct 

Injection 
Port Injection 

Fuel Pressure (MPa) 4 to 13 0.25 to 0.45 

Fig8: Four Technical Features 



 The High Pressure Swirl Injector controls the vaporization and dispersion of the 

fuel spray. 

MAJOR CHARACTERISTICS OF THE GDI ENGINE 

Lower fuel consumption and higher output: Using methods and technologies, the GDI 

engine provides both lower fuel consumption and higher output. This seemingly 

contradictory and difficult feat is achieved with the use of two combustion modes. Put 

another way, injection timings change to match engine load.  

For load conditions required of average urban driving, fuel is injected late in the 

compression stroke as in a diesel engine. By doing so, an ultra- lean combustion is 

achieved due to an ideal formation of a stratified air- fuel mixture. During high 

performance driving conditions, fuel is injected during the intake stroke. This enables a 

homogeneous air-fuel mixture like that of in conventional MPI engines to deliver higher 

output.  

Two Combustion Modes: In response to driving conditions, the GDI engine changes the 

timing of the fuel spray injection, alternating between two distinctive combustion modes- 

stratified charge (Ultra-Lean combustion), and homogenous charge (Superior Output 

combustion). 

Under normal driving conditions, when speed is stable and there is no need for sudden 

acceleration, the GDI engine operates in Ultra-Lean Mode. A spray of fuel is injected 

over the piston crown during the latter stages of the compression stroke, resulting in an 

optimally stratified air- fuel mixture immediately beneath the spark plug. This mode thus 

facilitates lean combustion and a level of fuel efficiency comparable to that of a diesel 

engine.  

The GDI engine switches automatically to Superior Output Mode when the driver 

accelerates, indicating a need for greater power. Fuel is injected into the cylinder during 

the piston's intake stroke, where it mixes with air to form a homogenous mixture. The 

homogenous mixture is similar to that of a conventional MPI engine, but by utilising the 

unique features of the GDI, an even higher level of power than conventional petrol 

engines can be achieved.  



 

 

 

 

 

 

 

 

 

 

 

 

 

STRTIFIED OPERATION 

 

 

 

 

 

 

 

 

 

WALL GUIDED COMBUSTION SYSTEM 

The fuel is transported to the spark plug using a specially shaped piston surface. 

Fig9: Two combustion modes  



AIR GUIDED COMBUSTION SYSTEMS 

The fuel is injected to the air flow,which moves the fuel spray near the spark plug.  

SPRAY GUIDED COMBUSTION SYSTEMS 

In this technique fuel is injected near spark plug where it evapourates.  

In-cylinder Airflow: The GDI engine has upright straight intake ports rather than 

horizontal intake ports used in conventional engines. The upright straight intake ports 

efficiently direct the airflow down at the curved-top piston, which redirects the airflow 

into a strong reverse tumble for optimal fuel injection.  

Precise Control over the Air/Fuel Mixture: The GDI engine's ability to precisely control 

the mixing of the air and fuel is due to a new concept called wide spacing," whereby 

injection of the fuel spray occurs further away from the spark plug than in a conventional 

petrol engine, creating a wide space that enables optimum mixing of gaseous fuel and air.  

In stratified combustion (Ultra-Lean Mode), fuel is injected towards the curved top of the 

piston crown rather than towards the spark plug, during the latter stage of the 

compression stroke.The biggest advantage of this system is that it enables precise control 

over the air-to-fuel ratio at the spark plug at the point of ignition.  

 

 

 

 

 

In addition to its ability to mix thoroughly with the surrounding air, the fuel spray does 

not easily wet the cylinder wall or the piston head. In homogeneous combustion (Superior 

Output Mode), fuel is injected during the intake stroke, when the piston is descending 

towards the bottom of the cylinder, vapourising into the air flow and following the piston 

down. Again, it's all in the timing. By selecting the optimum timing for the injection, the 

fuel spray follows the movement of the piston, but cannot catch up. In this case, as the 

Fig11: Precise Control over the A/F Ratio 



piston moves downward and the inside of the cylinder become larger in volume, the fuel 

spray disperses widely, ensuring a homogenous mixture.  

Fuel Spray: Newly developed high-pressure swirl injectors provide the ideal spray 

pattern to match each engine operational modes. And at the same time by applying highly 

swirling motion to the entire fuel spray, they enable sufficient fuel atomization that is 

mandatory for the GDI.  

 

 

 

Optimized Configuration of the Combustion Chamber: The curved-top piston controls 

the shape of the air- fuel mixture as well as the airflow inside the combustion chamber, 

and has an important role in maintaining a compact air fuel mixture. The mixture, which 

is injected late in the compression stroke, is carried toward the spark plug before it can 

disperse.  

 

Realization of lower fuel consumption  

In conventional gasoline engines, dispersion of an air- fuel mixture with the ideal density 

around the spark plug was very difficult. However, this is possible in the GDI engine. 

Furthermore, extremely low fuel consumption is achieved because ideal stratification 

enables fuel injected late in the compression stroke to maintain an ultra- lean air- fuel 

mixture.  

An engine for analysis purpose has proved that the air- fuel mixture with the optimum 

density gathers around the spark plug in a stratified charge. This is also borne out by 

analyzing the behavior of the fuel spray immediately before ignition and the air-fuel 

mixture itself.  

Fig12: Fuel Spray Characteristics 



As a result, extremely stable combustion of ultra-lean mixture with an air- fuel ratio of 40 

is achieved. 

Combustion of Ultra-lean Mixture 

 

In conventional MPI engines, there were limits to the mixtures leanness due to large 

changes in combustion characteristics. However, the stratified mixture of the GDI 

enabled greatly decreasing the air- fuel ratio without leading to poorer combustion. For 

example, during idling when combustion is most inactive and unstable, the GDI engine 

maintains a stable and fast combustion even with an extremely lean mixture of 40 to 1 

air- fuel ratio. 

EMISSION CONTROL IN GDI ENGINES 

CO emission is less in GDI engines. Due to wetting of the piston and cylinder walls with 

liquid fuel, HC emission can increase. Soot emissions occurs at very rich mixtures.  

The three way catalytic convertor show high performance in converting the CO,HC and 

NOx in engine operations. But NOx cannot be converted completely to harmless gases in 

lean mixture operation.therefore engines with lean mixture also requires a NOx storage 

type catalytic convertor to convert the NOx.   

 

VEHICLE FUEL CONSUMPTION 

Fuel Consumption during Idling: The GDI engine maintains stable combustion even at 

low idle speeds. Moreover, it offers greater flexibility in setting the idle speed.  

Compared to conventional 

engines, its fuel consumption 

during idling is 40% less.  

 

 

 

 

 

 

 



 

 

 

Fuel Consumption during Cruising Drive: At 40km/h, for example, the GDI engine 

uses 35% less fuel than a comparably sized conventional engine.  

 

 

 

 

 

 

 

 

 

 

 

 

Better Fuel Efficiency: The concept of wide spacing makes it possible to achieve a 

stratified mixture, enabling the GDI engine to offer stable, ultra- lean combustion, 

allowing a significant improvement in fuel efficiency. In addition to ultra- lean 

combustion, the GDI engine achieves a higher compression ratio because of its anti-

knocking characteristic and precise control of injection timing. These features contribute 

to drastically lower fuel consumption. The GDI engine improves fuel economy by 33% in 

the Japanese 10-15 mode driving cycle which represents typical urban driving conditions.  

 

Emission Control: Previous efforts to burn a lean air- fuel mixture have resulted in 

difficulty to control NOx emission. However, in the case of GDI engine, 97% NOx 

reduction is achieved by utilizing high-rate EGR (Exhaust Gas Ratio) such as 30% that is 

allowed by the stable combustion unique to the GDI as well as a use of a newly 

developed lean-NOx catalyst.  

Fig14: fuel consumption 



Improved Volumetric Efficiency: Compared to conventional engines, the Mitsubishi 

GDI engine provides better volumetric efficiency. The upright straight intake ports enable 

smoother air intake. And the vaporization of fuel, which occurs in the cylinder at a late 

stage of the compression stroke, cools the air for better volumetric efficiency.  

 

 

 

 

 

 

 

 

Increased Compression Ratio: The cooling of air inside the cylinder by the vaporization 

of fuel has another benefit, to minimize engine knocking. This allows a high compression 

ratio of 12, and thus improved combustion efficiency.  

 

 

 

 

 

 

 

 

 

 

INTRODUCTION TO SPARK IGNITION: 
 

In all spark ignition engines which work on the Gasoline either 2-Stroke or 4-Stroke 

cycle principle and utilize a carburetor or fuel injection system, the combustion of the air-
fuel mixture is initiated by an electric spark.  
 

Fig16: Comparison of compression ratio 



The term ‘Spark Ignition’ means that a brief electric arc is produced between the 
electrodes of a spark plug, the energy for which is derived from an external power source.  

In most cases this power source is the vehicle battery, which is constantly being 
supplemented by the alternate while the vehicle is mobile.  

 
A different method of ignition is employed in diesel engines.  This is called ‘compression 
ignition’ and relies on the fact that when air compressed, its temperature rises.  In diesel 

engines, compression ratio of between 16:1 and 25:1 are common, and at the end of a 
compression the temperature of the trapped air is sufficiently high to ignite the diesel fuel 

that is sprayed into the cylinder at the appropriate time.  
 
The functions of ignition system 

 
The functions of the coil ignition systems in general use on motor vehicle may be divided 

into three areas.  These are: 
 

 Production of the high voltage necessary to produce a spark at the plug gap.  

 Distribute the spark to all the cylinders at proper time based on the firing order.  

 Varying the timing of the spark depending on the various operating conditions of 

the engine like cranking time, varying speed and load, so that the best performance 
is obtained from the engine under all operating conditions.  

 
 

Mechanism of Ignition 

It must be remembered that vehicle battery voltages are usually 12 volt or 24 volt and this 
value is too low to produce a heavy spark at the plug gap in a cylinder under 

compression.  For this reason one of the major functions of the battery ignition system is 
to raise the battery voltage to the required level and then apply it to spark plugs.  

 
This process is correctly initiated in the primary circuit and completed in the secondary 
winding of the ignition coil.  Depending on the type of engine and the conditions existing 

in the cylinders, a voltage of between 5,000 to 20,000 volts is required and this is called 
the ionizing voltage or firing voltage. 

 
This firing voltage forces the electrons to jump between the electrodes of the spark plug 
in the gap to produce the required spark.  The electric spark has sufficient heat energy to 

ignite the air- fuel mixture which later continues to burn itself. 
 

The conventional coil ignition system 

 
Inductive ignition systems: that uses an ignition coil to perform the step up transformer 

action and to increase the electrical voltage. The ignition coils of the inductive ignition 
systems operate on the principle of electromagnetic induction (EMI) irrespective of 

whether it is triggered by contact breakers or by electronic triggering units.  
 
Note: 



As a reminder of the principle of EMI, a voltage will be induced into a coil whenever the 
following factors are present: 

 
(a) a magnetic field 

 
(b) a set of conductors 

 

(c) a relative movement between the magnetic field and conductors.  
 

The factors affecting the operation of the Ignition system.  

 

The factors that determine the value of the voltages induced into the ignit ion coil 

windings during the ignition cycle are:   
 

(a) The strength of the magnetic field.  
The stronger the magnetic field produced in the coil primary winding, the greater 
the possibility of producing a high secondary voltage.  

 
(b) The number of conductors on the secondary winding being cut by the magnetic 

field.  This is 
important when considering the voltages produced in both coil windings during the 
ignition cycle. 

 
   (c) The speed of relative movement 

between the magnetic field and the 
conductors.  The faster the magnetic 
field can be made to cut the conductors, 

the higher will be the value of voltage 
induced into the coil windings. 

 
Construction of the Ignition coil 

 

The source of the high voltage pulses of 
current produced in the inductive ignition 

system is in the ignition coil.  The coil stores 
the energy in the magnetic field around the 
primary winding and at the required instant of 

ignition, transforms it into a pulse of high 
voltage current in the secondary winding.  

From here it is delivered to the correct spark 
plug via the high tension (HT) cables.  This 
‘Inductive storage device’ may vary in design between certain manufacturers, but in 

general the most common construction is as shown in figure below.  
 

This coil contains a rod shaped, laminated soft iron core at its centre, and the soft iron 
cover surrounds both primary and secondary windings. Both of these soft iron 
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components are used to intensify and maximize the effect of the primary magnetic field 
and thus, the energy stored.  The iron core must be laminated to minimize the effects of 

eddy currents that are produced during operation and so keep to a minimum the heat 
developed.  The outer soft iron cover is slotted to allow circulation of the oil filling which 

is used for cooling purposes. 
 
Around the laminated core, the secondary winding is wounded.  This consists of many 

turns of very fine insulated copper wire (generally in the vicinity of 20,000 turns).  One 
end of this winding is connected to the HT outlet of the coil via the laminated iron core 

which it used as the pick-up point for this connection.  The other end is connected to the 
positive (+) low tension primary terminal.  
 

Over the top of the secondary winding the primary winding is wounded with the 
insulation. The primary winding consisting of a few hundred turns of relatively heavy 

insulated copper wire.  The ends of the primary winding are connected to the two low 
tension, or primary terminals.  A reason for placing the primary winding over the 
secondary is that it is in this coil, which caries the full primary circuit current 

(approximately 2 ampere in standard systems), the secondary winding generates the heat 
and by placing it thus, the cooling oil is given ready access to it.  

 
A ceramic insulator at the base of the coil supports the core and winding and at the top is 
a plastic-type insulator which provides a location point for the high- tension and primary 

terminals.  This top insulator is sealed into the outer case to prevent the loss of coolant oil 
or the energy of moisture. 

 
 

 

Operation of an Ignition coil  

 

Electromagnetic induction is the effect of creating the voltage in a conductor by means of 
relative movement between the conductor and a magnetic field.  In the ignition coil the 
conductors remain stationary and the magnetic field is moved across them.  To develop 

these necessary conditions, the first requirement in the ignition oil is the production of a 
magnetic field.  This is the function of the primary winding.  

 
When the ignition switch is closed, the primary winding of the coil is connected to the 
positive terminal of the vehicle battery.  Now, if the primary circuit is completed through 

the contact breaker points a current will flow in the circuit, creating a magnetic field in 
the coil around the soft iron core.  This magnetic field grows outwards from the core until 

it has reached maximum value and the core is fully magnetized and ceases to grow 
further.   



 

To provide the very high voltage necessary to create a spark across the plug gap, the 
secondary winding has a very large number of turns. 

 
NOTE: The ratio of the number of secondary turns to the number of primary turns is very 

large – approximately 100:1. The effect of this high ration is to produce a very high 
voltage in the secondary winding when the magnetic field is collapsed rapidly across it as 
the contact breaker points are opened. 

 
To understand the operation of the ignition coil, it is necessary to have the knowledge of 

the effect of winding insulated wire into the form of a coil and then passing a current 
through it.  In earlier chapters of this course, an explanation was given of how a magnetic 
field forms around a wire when current flows through it.  The development of the 

magnetic field around a wire wound into a coil was also explained.  Also the direction or 
polarity of the magnetic field was shown to depend on the direction of current flow in the 

wire. 
 
THE CAPACITOR 

 

Construction 

The construction of a capacitor is quite simple.  It is made of two strips of metallised 
paper, separated by a thin dielectric (insulator), generally of waxed paper or plastic, both 
rolled tightly together and fitted into a metal container.  An insulated flexible lead is 

attached to one of the metallised plates and brought out for connection to the insulated 
side of the contacts.  The other metallised plate is attached to the metal container which 

has facilities for connecting it to a good earth either inside or outside the distributor, thus 
effectively connecting the capacitor across, or in parallel, with the points.  

Growing Magnetic field 



As a general statement it can be said that a 
capacitor is a device which has the ability to 

store an electrical charge.  When a capacitor 
is ‘charged’, each plate will hold an equal 

but opposite charge.  That is the plate 
connected to the negative side of the circuit 
will acquire a negative charge, and the plate 

connected to the positive side of the circuit, 
a positive charge.  Once these opposite 

charges are stored on the plates, they will 
attract each other through the separating 

dielectric, and thus tend to prevent the charge escaping or leaking away. 

 
NOTE: The loss of electrical charge from a capacitor is termed the capacitor’s leakage.  

Among the tests applied to a capacitor is a test for leakage, which must be below a certain 
rate of loss. 
 

Removing the charge from a capacitor is called discharging it.  This is accomplished by 
connecting a conductor across its plates.  The excess electrons are attracted from the 

negatively charged plate to the positively electrons are attracted from the negatively 
charged plate to the positively charged plate.  The electron flow continues until such time 
as both charges equalize, i.e. there is no potential difference between the plates.  

 
The factors affecting the capacity of a capacitor: 

 

(a) The area of the plates holding the charges and the number of plates used. 
(b) The distance the plates are separated, i.e. the thinner the dielectric, the greater               

 the attractive force between the charges, and therefore the higher the capacity.  
(c) The type of dielectric, e.g. plastic, mica, paper, air, etc. 

 

 

Unit of Capacitor 

 
The amount of charge a capacitor can hold is termed its capacitance (symbol C) which is 

measured in a unit called the farad (symbol F). Since the farad is a large quantity and it is 
difficult to have such a big capacitor in real time, the capacitors are generally measured 
by micro farad (Symbol µF) 

 
Automotive capacitors are in the vicinity of 0.20 to 0.30 microfarads (one microfarad = 

10-6 farads, or 1 millionth of a farad).  
 
The operation of a capacitor in an ignition circuit is relatively simple, but tends to appear 

complex because of the number of events, or changes, that occur simultaneously.  The 
following explanation presents these changes as a logical, sequential set of events.   

 
 

_ + 



OPERATION OF THE IGNITION CIRCUIT 

 

 

 
 

A simple circuit shown above can illustrate the position of the major components of an 
ignition system. With the ignition switch ‘on’: when the breaker contacts initially close, 
a current commences to flow in the primary circuit and the magnetic field builds up 

relatively slowly, due to the self induced voltage that is developed at this time  
 

During this ‘closed circuit period’ of the ignition cycle, the capacitor is in parallel with 
the breaker contacts which are closed at this time.  As the distributor shaft continues its 
rotation the cam lobe lift the breaker gently to open the contacts.  It takes a certain 

number of degrees of distributor shaft rotation and therefore a measurable period of time 
for this to occur. 

 
When the contacts are open and instantly a resistance is presented to the primary circuit 
because of this contact gap.  The primary current is interrupted and the magnetic field is 

starting to collapse. The current produced by the self induced voltage has to enter the 
plates of the capacitor. Since the high resistance will be induced across the contacts due 

to their separation and it will naturally take the low resistance path.  
 
Capacitor function 

 

When the contacts gap is slowly widening and the self induced voltage is rapidly rising 

towards the 200-300 volt level.  The capacitor is rapidly charging up. As the capacitor 
reaches the fully charged state, the contacts have opened to such a degree that even this 
high voltage cannot jump the gap and so the primary circuit currents comes to an ‘instant 

halt’. 
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This sudden stopping of the primary current, produced by the action of the capacitor, 

gives an extremely fast collapse of the magnetic field.  The mutually induced voltage, 
generated in the secondary winding at this instant will be very high.  Since the secondary 

winding has about 100 times as many turns as the primary winding, the secondary 
voltage will be about 100 times higher than the primary voltage (200 to 300 volts).  

 

The secondary voltage at this instant is fed out through the HT circuit to the correct spark 
plug where it ionizes the plug gap and forms a spark which ignites the air- fuel mixture. 

For the period of time of spark duration the capacitor remains fully charged. After the 
energy of the secondary circuit has been expended in the HT spark, the capacitor 
discharges back through the battery, ignition switch and coil primary to the opposite plate 

of the capacitor, thus recharging it in the reverse direction. The capacitor then discharges 
back again to recharge itself in the original direction – but at a lower value.  It continues 

this oscillating cycle of charge and discharge until all of the stored energy is dissipated 
across the resistance of the primary circuit. The distributor cam continues its rotation, the 
points close again and the whole cycle is repeated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT III – DIESEL INJECTION SYSTEMS 

 
Fuel injection in diesel engines 

 

Mechanical and electronic injection 

Older engines make use of a mechanical fuel pump and valve assembly which is driven 

by the engine crankshaft, usually via the timing belt or chain. These engines use simple injectors 

which are basically very precise spring-loaded valves which will open and close at a specific fuel 

pressure. The pump assembly consists of a pump which pressurizes the fuel, and a disc-shaped 

valve which rotates at half crankshaft speed. The valve has a single aperture to the pressurized 

fuel on one side, and one aperture for each injector on the other. As the engine turns the valve 

discs will line up and deliver a burst of pressurized fuel to the injector at the cylinder about to 

enter its power stroke. The injector valve is forced open by the fuel pressure and the diesel is 

injected until the valve rotates out of alignment and the fuel pressure to that injector is cut off. 

Engine speed is controlled by a third disc, which rotates only a few degrees and is controlled by 

the throttle lever. This disc alters the width of the aperture through which the fuel passes, and 

therefore how long the injectors are held open before the fuel supply is cut, controlling the 

amount of fuel injected. 

This contrasts with the more modern method of having a separate fuel pump (or set of pumps) 

which supplies fuel constantly at high pressure to each injector. Each injector then has a solenoid 

which is operated by an electronic control unit, which enables more accurate control of injector 

opening times depending on other control conditions such as engine speed and loading, resulting 

in better engine performance and fuel economy. This design is also mechanically simpler than the 

combined pump and valve design, making it generally more reliable, and less noisy, than its 

mechanical counterpart. 

Both mechanical and electronic injection systems can be used in either direct or indirect injection 

configurations. (see below) 

Indirect injection 
Main article: Indirect injection  

An indirect injection diesel engine delivers fuel into a chamber off the combustion chamber, 

called a prechamber, where combustion begins and then spreads into the main combustion 

chamber. 

Direct injection 

Modern diesel engines make use of one of the following direct injection methods: 

http://en.wikipedia.org/wiki/Indirect_injection
http://en.wikipedia.org/wiki/Fuel_injection#Direct_injection


Distributor pump direct injection 

The first incarnations of direct injection diesels used a rotary pump much like indirect injection 

diesels, however the injectors were mounted directly in the top of the combustion chamber rather 

than in a separate pre-combustion chamber. Examples are vehicles such as the Ford Transit and 

the Austin Rover Maestro and Montego with their Perkins Prima engine. The problem with these 

vehicles was the harsh noise that they made and particulate (smoke) emissions. This is the reason 

that in the main this type of engine was limited to commercial vehicles (the notable exceptions 

being the Maestro, Montego and Fiat Croma passenger cars). Fuel consumption was about 15% to 

20% lower than indirect injection diesels which for some buyers was enough to compensate for 

the extra noise. 

This type of engine was transformed by electronic control of the injection pump, pioneered by 

Volkswagen Audi group with the Audi 100 TDI introduced in 1989. The injection pressure was 

still only around 300 bar, but the injection timing, fuel quantity, exhaust gas recirculation and 

turbo boost were all electronically controlled. This gave much more precise control of these 

parameters which made refinement much more acceptable and emissions acceptably low. Fairly 

quickly the technology trickled down to more mass market vehicles such as the Mark 3 Golf TDI 

where it proved to be very popular. These cars were both more economical and more powerful 

than indirect injection competitors of their day. 

Common rail direct injection 
Main article: Common rail  

In older diesel engines, a distributor-type injection pump, regulated by the engine, supplies bursts 

of fuel to injectors which are simply nozzles through which the diesel is sprayed into the engine's 

combustion chamber. 

In common rail systems, the distr ibutor injection pump is eliminated. Instead an extremely high 

pressure pump stores a reservoir of fuel at high pressure - up to 1,800 bar (180MPa) - in a 

"common rail", basically a tube which in turn branches off to computer-controlled injector valves, 

each of which contains a precision-machined nozzle and a plunger driven by a solenoid. 

Most European automakers have common rail diesels in their model lineups, even for commercial 

vehicles. Some Japanese manufacturers, such as Toyota, Nissan and recently Honda, have also 

developed common rail diesel engines. 

Different car makers refer to their common rail engines by different names, e.g. 

DaimlerChrysler's CDI, Ford Motor Company's TDCi (most of these engines are manufactured 

by PSA), Fiat Group's (Fiat, Alfa Romeo and Lancia) JTD, Renault's DCi, GM/Opel's CDTi 

(most of these engines are manufactured by Fiat, other by Isuzu), Hyundai's CRDI, Mitsubishi's 

D-ID, PSA Peugeot Citroen's HDI, Toyota's D-4D, Volkswagen's TDi, and so on. 

http://en.wikipedia.org/wiki/Common_rail
http://en.wikipedia.org/wiki/Megapascal
http://en.wikipedia.org/wiki/Solenoid


Unit direct injection 
This also injects fuel directly into the cylinder of the engine. However, in this system the injector 
and the pump are combined into one unit positioned over each cylinder. Each cylinder thus has its 
own pump, feeding its own injector, which prevents pressure fluctuations and allows more 
consistent injection to be achieved. This type of injection system, also developed by Bosch, is 
used by Volkswagen AG in cars (where it is called Pumpe Düse - literally "pump nozzle"), and 
most major diesel engine manufacturers, in large commercial engines (Cat, Cummins, Detroit 
Diesel). With recent advancements, the pump pressure has been raised to 2,050 bar (205 MPa), 
allowing injection parameters similar to common rail systems. 
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UNIT IV MANIFOLDS AND MIXTURE 

DISTRIBUTION 

 
Manifolds 

 The word "manifold" is derived from an Old English word meaning many folds, 
referring to the folding together of the inputs and outputs within the manifold. 

Both the intake and the exhaust manifold work together to help the engine operate 
more efficiently. 

Intake Manifold 

 An intake manifold is responsible for evenly distributing air or a combustion 
mixture to each intake port in an engine's cylinder heads. This is important to 
optimize efficiency and performance.  
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Exhaust Manifold 

 Exhaust manifolds collect engine exhaust from the engine's cylinders and deliver 
it through one pipe to the vehicle's exhaust pipe. They are usually made of cast 

iron or stainless steel. Properly functioning exhaust manifolds help optimize 
efficiency and performance. 

Functions 

 The two manifolds complement each other: the exhaust manifold removes the air 
that is brought in by the intake manifold. Working together, these two manifolds 
allow the engine to maximize its performance and efficiency.  

 

 
When it comes to modifying your exhaust or intake system, there are several components 
you can switch out. But, if you’re looking for the biggest performance improvements and 

power gains, there are some parts that deliver better results than others. Before you rush 
off to modify every last component, it’s important to know just how these parts work in 

order to decide what will deliver the best results. Here, we compare headers vs. manifolds 
to explain just how they work to improve your ride’s performance.  
 

https://www.google.com/url?ct=abg&q=https://www.google.com/adsense/support/bin/request.py%3Fcontact%3Dabg_afc%26url%3Dhttp://www.ehow.com/facts_7487396_intake-manifold-vs-exhaust-manifold.html%26gl%3DIN%26hl%3Den%26client%3Dca-ehow_300x250%26hideleadgen%3D1%26ai0%3DCT3Gx-CLGU6j8J4SnuATz0YGQAo_t77QFh4m4-rwBwI23ARABIKmJrQZQlMqs3vv_____AWDlquiD2A6gAcHptNwDyAEBqQJGSD4cddZRPqgDAaoEpAFP0Gkb19p-HJfXmx_KpuQW6Apbycy5dNwpyj20NiUa-Zf8tOymUch7HUWlBFqbQ6nUlMUb62huKzKDc5KR2Z7fYDIY57taVw_iJBTQ4ZR7rmD2QNE919FKhIOXD0NxMpYlg-e_FTO0AKgebcu5Wb0MVcj6rYFECyO7QpRUfHlDKrHvFkK5Ms4p3sZZXXaJ32qErlgPvjSV18TJUpkjD3PE7V3dAIgGAYAHp5bLIw&usg=AFQjCNEa5O5ugEoi3_NEZ9IFpnYLDGKZ0g
http://www.googleadservices.com/pagead/aclk?sa=L&ai=CT3Gx-CLGU6j8J4SnuATz0YGQAo_t77QFh4m4-rwBwI23ARABIKmJrQZQlMqs3vv_____AWDlquiD2A6gAcHptNwDyAEBqQJGSD4cddZRPqgDAaoEpAFP0Gkb19p-HJfXmx_KpuQW6Apbycy5dNwpyj20NiUa-Zf8tOymUch7HUWlBFqbQ6nUlMUb62huKzKDc5KR2Z7fYDIY57taVw_iJBTQ4ZR7rmD2QNE919FKhIOXD0NxMpYlg-e_FTO0AKgebcu5Wb0MVcj6rYFECyO7QpRUfHlDKrHvFkK5Ms4p3sZZXXaJ32qErlgPvjSV18TJUpkjD3PE7V3dAIgGAYAHp5bLIw&num=1&cid=5GhrPBH9--1Yp4FW5FviIAXC&sig=AOD64_08xePimxJn9qyWQ1yZq7BGC_7IeQ&client=ca-ehow_300x250&adurl=http://www.toyotaetios.in/%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3Dgeneric_content
http://www.googleadservices.com/pagead/aclk?sa=L&ai=CT3Gx-CLGU6j8J4SnuATz0YGQAo_t77QFh4m4-rwBwI23ARABIKmJrQZQlMqs3vv_____AWDlquiD2A6gAcHptNwDyAEBqQJGSD4cddZRPqgDAaoEpAFP0Gkb19p-HJfXmx_KpuQW6Apbycy5dNwpyj20NiUa-Zf8tOymUch7HUWlBFqbQ6nUlMUb62huKzKDc5KR2Z7fYDIY57taVw_iJBTQ4ZR7rmD2QNE919FKhIOXD0NxMpYlg-e_FTO0AKgebcu5Wb0MVcj6rYFECyO7QpRUfHlDKrHvFkK5Ms4p3sZZXXaJ32qErlgPvjSV18TJUpkjD3PE7V3dAIgGAYAHp5bLIw&num=1&cid=5GhrPBH9--1Yp4FW5FviIAXC&sig=AOD64_08xePimxJn9qyWQ1yZq7BGC_7IeQ&client=ca-ehow_300x250&adurl=http://www.toyotaetios.in/%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3Dgeneric_content


The Benefits of Exhaust Headers 

Exhaust headers are one of the easiest bolt-on modifications you can make to your 
vehicle to improve your engine’s performance. Headers make it easier for your engine to 

push exhaust gases out of the cylinders. Your vehicle’s engine produces all of its power 
during the power stroke. During this stroke, the gasoline in the cylinder burns and 

expands to generate power. Once the exhaust gases vacate the cylinder, they end up in the 
exhaust manifold and then flow into one pipe toward the catalytic converter. The exhaust 
header helps eliminate the manifold’s back pressure. So, instead of a common manifold 

that all of the cylinders share, each cylinder gets its own exhaust pipe, and then they 
come together in a larger pipe called the collector.  

Several brands craft performance headers that deliver maximum results, like Gibson 

headers and Bassani headers. These headers are made with the top-of-the- line materials 
and superior craftsmanship. Plus, they get the fumes out of your vehicle quicker, which in 

turn, gets your vehicle moving quicker as well.  

The Benefits of Exhaust Manifolds  

Exhaust manifolds traditionally funnel spent exhaust gas from the engine. Purely 
utilitarian, these heavy chunks of cast iron do their job adequately but don’t inspire 
performance. Horsepower and torque is sacrificed in the name of lower manufacturing 

costs and increased emissions, zapping acceleration from your ride. Even worse, some 
factory manifolds are prone to cracking, putting even the toughest trucks out of 

commission. A performance exhaust manifold, like the aFe BladeRunner Exhaust 
Manifold, wakes up your street machine with high-flow ductile iron or 304 stainless steel 
castings. This boosts your low-end grunt for towing and increases mileage when you’re 

just cruisin’. Performance exhaust manifolds are a great bolt-n-go part with very little 
maintenance needed, unlike headers that require periodical re-tightening. 

The majority of exhaust manifolds currently on the road are more akin to tubular exhaust 

headers with attached catalytic converters. And unfortunately, poor reliability. Adding 
insult to injury, many drivers experience sticker-shock when the time comes to replace a 
cracked or failing factory manifold. Thankfully, PaceSetter Exhaust Manifold Catalytic 

Converters give you an affordable option to replace a damaged manifold. With 16-gauge 
stainless steel construction, these American-made manifold/catalytic assemblies outlast 

the best OEM has to offer. On top of that, PaceSetter Exhaust Manifold Catalytic 
Converters are designed to optimize exhaust flow, giving your ride better fuel economy 
and power. For a balance of leak-free reliability and a boost in power, a performance 

exhaust manifold can’t be beat.  

The Benefits of Improving Exhaust Manifolds with Performance Headers & 
Intake Manifolds 

A performance intake manifold is one of the most popular performance upgrades 
available. Playing an important role, an intake manifold provides the structural base for 
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your vehicle’s fuel- induction system. When you feed your engine more air and fuel, it’s 
able to produce more power. So, when you set your ride up with a high quality intake 

manifold, you’ll notice a big boost in power and torque. 

No matter how many go-fast goodies you bolt on your ride, a restrictive factory exhaust 
manifold creates a performance bottleneck, robbing power and MPG. All internal 

combustion engines obey this one rule: fresh air can’t come in if spent exhaust can’t get 
out. The solution is to replace those clunky, chunks of metal with a performance 
manifold, or a custom set of headers, that let your ride breathe freely. These high-flow 

gems crank out more juice than your stock manifolds, are built to last and often replace 
worn emissions equipment.  
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UNIT – V COOLING AND LUBRICATION SYSTEM 

 
Need for cooling system 

 
The  cooling  system  has  four  primary  functions. These functions are as follows: 

 
1. Remove excess heat from the engine.  
2. Maintain   a   constant   engine   operating temperature.  

3. Increase the temperature of a cold engine as quickly as possible.  
4. Provide a means for heater operation (warming the passenger compartment).  

 

Types of cooling system: 
The different Types of cooling system are 

 
1. air cooling system 

2. liquid cooling system  
3. forced circulation system  
4. pressure cooling system 

 

Air-Cooled  System : 

 

The simplest type of cooling is the air-cooled, or direct, method in which the heat is 

drawn off by moving air in direct contact with the engine Several fundamental principles 
of cooling are embodied in this type  of  engine  cooling. The rate of the cooling is 

dependent upon the following: 
 

1. The area exposed to the cooling medium  

2. The heat conductivity of the metal used & the volume of the metal or its size in 
cross section  

3. The amount of air flowing over the heated surfaces  
4. The difference  in  temperature  between  the exposed metal surfaces and the 

cooling air 

 
LIQUID-COOLED  S YSTEM  

 

Nearly   all   multicylinder   engines   used   in automotive,   construction,   and material-
handling equipment use a liquid-cooled system. Any liquid used in this type of system is 

called a COOLANT.  
 

A simple liquid-cooled system consists of a radiator, coolant pump, piping, fan, 

thermostat, and a system of water jackets and passages in the cylinder head and block 
through which the coolant circulates. Some vehicles are equipped with a coolant 

distribution tube inside the cooling passages that directs  additional coolant to the points 
where temperatures are highest.  Cooling of  the  engine  parts  is  accomplished  by 
keeping the coolant circulating and in contact with the metal surfaces to be cooled. The 



operation of a liquid- cooled system is as follows: The pump draws the coolant from the 
bottom of the radiator, forcing the coolant through the water jackets and passages, and 

ejects it into the upper radiator tank. The coolant then passes through a set of tubes to  the 
bottom of the radiator from which the cooling cycle begins. The radiator is situated in 

front of a fan that is driven either by the water pump or an electric motor. The fan ensures 
airflow through the radiator at times when there is no vehicle motion. The downward 
flow of coolant through the radiator creates what is known as a thermosiphon action. This 

simply means that as the coolant is heated in the jackets of the engine, it expands.  As it 
expands, it becomes less dense and therefore lighter. This causes it to flow out of the top 

outlet of the engine and into the top tank of the radiator. As the coolant is cooled in the 
radiator, it again becomes more dense and heavier. This causes the coolant to settle to the 
bottom tank of the radiator. The heating in the engine and the cooling in the radiator 

therefore create a natural  circulation  that aids the water pump. The amount of engine 
heat that must be removed by the cooling system is much greater than is generally  

realized. To handle this heat load, it may be necessary for the cooling system in some 
engine to circulate 4,000 to 10,000 gallons of coolant per hour. The water passages, the 
size of the pump and radiator, and other details are so designed as to maintain the 

working parts of the engine at the most efficient temperature within the limitation 
imposed by the coolant. 

  
Pressure cooling system 

 

Radiator Pressure Cap  
The radiator pressure cap is used on nearly all of the modern engines. The radiator cap 

locks onto the radiator tank filler neck Rubber or metal seals make the cap-to-neck joint 
airtight. The functions of the pressure cap are as follows: 1.   Seals the top of the radiator 
tiller neck to prevent leakage. 2. Pressurizes system to raise boiling point of coolant. 3. 

Relieves excess pressure to protect against system damage. 4. In a closed system, it 
allows coolant flow into and from the coolant reservoir. The radiator cap pressure valve 

consists of a spring- loaded disc that contacts the filler neck. The spring pushes the valve 
into the neck to form a seal. Under pressure, the boiling point of water 
increases.  Normally water boils at 212°F. However, for every pound of pressure 

increase, the boiling point goes up 3°F. Typical radiator cap pressure is 12 to 16 psi. This 
raises the boiling point of the engine coolant to about 250°F to 260°F.  Many  surfaces 

 inside  the  water  jackets can be above 212°F. If the engine overheats and the pressure 
exceeds the cap rating, the pressure valve opens. Excess pressure forces coolant out of the 
overflow tube and into the reservoir  or  onto  the  ground.  This  prevents  high pressure 

from rupturing the radiator, gaskets, seals, or hoses. The radiator cap vacuum valve opens 
to allow reverse flow back into the radiator when the coolant temperature drops after 

engine operation. It is a smaller valve located in the center, bottom of the cap. The 
cooling and contraction of the coolant and air in the system could decrease coolant 
volume and pressure. Outside atmospheric pressure could then crush inward on the hoses 

and radiator. Without a cap vacuum or vent valve, the radiator hose and radiator could 
collapse 

 

ENGINE LUBRICATING  SYSTEMS 



 

All internal combustion engines are equipped with an internal lubricating system. 
Without lubrication, an engine quickly overheats and its working parts seize due to 

excessive friction. All moving parts must be adequately lubricated to assure maximum 
wear and long engine life. 

PURPOSES OF LUBRICATION  

 

The functions of an engine lubrication system are as follows: Reduces friction and wear 
between moving parts. Helps transfer heat and cool engine parts. Cleans the inside of the 

engine by removing contaminants (metal, dirt, plastic, rubber, and other particles). 
Absorbs shocks between moving parts to quiet engine operation and increase engine life. 
The properties of engine oil and the design of modern engines allow the lubrica tion 

system to accomplish these functions.  
 

TYPES OF LUBRICATING (OIL) SYSTEMS  
 
Now that you are familiar with the lubricating system components, you are ready to study 

the different systems that circulate oil through the engine. The systems used to circulate 
oil are known as splash, combination splash force feed, force feed, and full force-feed. 

 
 Splash Systems  

 

The splash system is no longer used in automotive engines. It is widely used in small 
four-cycle engines for lawn mowers, outboard marine operation, and so on. In the splash 

lubricating system, oil is splashed up from the oil pan or oil trays in the lower part of the 
crankcase. The oil is thrown upward as droplets or fine mist and provides adequate 
lubrication to valve mechanisms, piston pins,  cylinder  walls,  and  piston rings. In the 

engine,  dippers  on  the  connecting-rod bearing caps enter the oil pan with each 
crankshaft revolution to produce the oil splash.  A passage is drilled in each connecting 

rod from the dipper to the bearing to ensure lubrication. This  system  is  too  uncertain 
 for  automotive applications. One reason is that the level of oil in the crankcase will vary 
greatly the amount of lubrication received by the engine. A high level results in excess  

lubrication and oil consumption and a slightly low level results in inadequate lubrication 
and failure of the engine. 

  
Combination Splash and Force Feed  
 

In a combination splash and force feed, oil is delivered to some parts by means of 
splashing and other parts through oil passages under pressure from the oil  pump. The oil 

from the pump enters the oil galleries. From the oil galleries, it flows to the main bearings 
and camshaft  bearings.  The  main  bearings  have  oil- feed holes or grooves that feed oil 
into drilled passages in the crankshaft. The oil flows through these passages to the  

connecting rod bearings. From there, on some engines,  it flows through holes drilled in 
the connecting rods to the piston-pin bearings. Cylinder walls are lubricated by splashing 

oil thrown  off  from  the  connecting-rod  bearings.  Some engines use small troughs 
under each connecting rod that are kept full by small nozzles which deliver oil under 



pressure from the oil pump. These oil nozzles deliver an increasingly heavy stream as 
speed increases. At very high speeds these oil streams are powerful enough to strike the 

dippers directly. This causes a much heavier splash so that adequate lubrication of the  
pistons and the connecting-rod bearings is provided at higher speeds. If a combination 

system is used on an overhead valve engine, the upper valve train is lubricated by 
pressure from the pump.  
 

Force Feed  
A  somewhat  more  complete  pressurization  of lubrication  is  achieved  in  the  force-

feed  lubrication system. Oil is forced by the oil pump from the crankcase to the main 
bearings and the camshaft bearings.   Unlike   the   combination   system   the connecting-
rod bearings are also fed oil under pressure from the pump. Oil passages are drilled in the 

crankshaft to lead oil to  the  connecting-rodbearings.  The  passages  deliver  oil from the 
main bearing journals to the rod bearing journals. In some engines, these opening are 

holes that line up once for every crankshaft revolution. In other engines,  there  are 
 annular  grooves  in  the  main  bearings through which oil can feed constantly into the 
hole in the crankshaft. The pressurized oil that lubricates the connecting- rod bearings 

goes on to lubricate the pistons and walls by squirting out through strategically drilled 
holes. This lubrication system is used in virtually all engines that are equipped with 

semifloating piston pins.  
 
Full Force Feed 

  
In a full force-feed lubrication system, the main bearings,  rod  bearings,  camshaft 

 bearings,  and the complete valve mechanism are lubricated by oil under  pressure. In 
 addition,  the  full  force-feed lubrication system provides lubrication under pressure to 
the pistons and the piston pins. This is accomplished by holes drilled the length of the 

connecting rod, creating an oil passage from the connecting rod bearing to the piston pin 
bearing. This passage not only feeds the piston pin bearings but also provides lubrication 

for the pistons and cylinder walls. This system is used in virtually all engines that are 
equipped with full- floating piston pins. 
 


