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11
CHAPTER

Fuel supply

11.1 Gravity feed system

Although this system is generally obsolete, it is still used in motor cycles, tractors and 
industrial engines, where the fuel tank is always above the engine. Fuel pressure at the 
carburettor is mainly determined by the difference in height between the tank and the 
carburettor, while factors such as height above sea level (atmospheric pressure) and the 
quantity of fuel in the tank also play a part.

The use of this system in motor vehicles had certain disadvantages:
• The size of the tank was limited due to limited space above the engine.
• Any leaks from the tank could enter the driver’s compartment or land on the engine,

which increased fire risk.
• The fuel tank prevented a low bonnet line.

11.2 Pump feed system

In modern motor vehicles, the fuel tank is mounted lower than and as far as possible 
from the engine, so the fuel must be pumped from the tank to the carburettor or 
injector pump, and for this purpose electrical or mechanical fuel pumps are used.

Operation
The fuel pump sucks fuel from the fuel tank and pumps it to the carburettor or injector 
pump at a predetermined pressure and at a rate slightly higher than the maximum fuel 
consumption of the engine.

11.2.1 Diaphragm-type electric fuel pump

Construction
The unit has two sections: 
• A smaller section, the valve body, houses an inlet and an outlet valve. When

bolted to the engine, a pump chamber is formed between the valve body and the
diaphragm.

• The larger section houses a solenoid (electromagnet) as well as the contact points.
The solenoid is activated by the battery via the ignition switch and the contact
points.

The diaphragm forms a fuel-tight division between the two sections when assembled 
and is fitted between itself and the solenoid. An armature and activating rod are fitted 
in the solenoid and attached to the diaphragm. The rod is also linked to the contact 
points by means of a trip mechanism.
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Figure 11.1  Electrical fuel pump

Operation
When the ignition switch is turned on, current flows through the contact points to the 
solenoid. The resulting magnetic field attracts the armature and the diaphragm, which 
moves away from the pump chamber and creates a partial vacuum that shuts the outlet 
valve. Atmospheric pressure on the fuel in the tank forces the fuel past the inlet valve 
to fill the pump chamber.

At the end of the suction stroke, the contact points are opened by the diaphragm rod 
and the trip mechanism, current through the solenoid is interrupted and the magnetic 
field collapses. The return spring forces the diaphragm in the direction of the pump 
chamber and the fuel is pressurised. The inlet valve is closed and fuel under pressure 
flows past the outlet valve to the float chamber.

At the end of the delivery stroke, the contact points close and the cycle is repeated. As 
the float chamber is filled, the needle valve closes. Pressure is built up in the pipe from 
the fuel pump to the float chamber as well as in the pump chamber.



115N2 Motor and Diesel Theory|Hands-on!

When this pressure exceeds the tension of the calibrated spring, the diaphragm is kept 
away from the pump chamber. The contact points are kept open and there is no pump 
action.
Once sufficient fuel has been consumed from the float chamber to relieve the pressure 
in the pump chamber, the return spring forces the diaphragm in the direction of the 
pump chamber to close the contact points for the next cycle.

11.2.2 Bellows-type electric fuel pump

Construction
This type of fuel pump is identical to the diaphragm type, except that bellows replace 
the diaphragm. The inside of the bellows forms a section of the pump chamber and is 
designed to be self-contracting, so no return spring is required.

Figure 11.2  Bellows type fuel pump
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Operation
The operation of the bellows type is identical to that of the diaphragm type except that 
the operation of the bellows differs from that of the diaphragm. When the armature is 
attracted by the magnetic field, the bellows is expanded and the included volume of the 
pump chamber increased to create the required partial vacuum. The bellows returns 
to the compressed position when no pulling force is exerted on it. When the magnetic 
field collapses, the bellows pressurises the fuel in the pump chamber, which is then fed 
to the float chamber.

Advantages of electric fuel pumps
• When the ignition switch is turned on, there is an immediate supply of fuel to the 

float chamber and the engine does not need to be cranked.
• The risk of oil dilution as a result of a leaking diaphragm in an engine-mounted 

mechanical pump is excluded.
• Because the pump can be mounted far away from the engine, it does not get as hot 

as a mechanical fuel pump, which avoids air locks.

11.2.3 Mechanical fuel pump

Construction

Figure 11.3  Mechanical fuel pump

The unit has two sections; the first houses the inlet and the outlet valves. On the inlet 
side a filter cleans the fuel, and on the outlet side provision is made for an air chamber 
that dampens pump impulses in the fuel fed to the float chamber. 
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Air is trapped in the chamber and is compressed during the delivery stroke to ensure a 
more even fuel flow.

A diaphragm and rod are clamped between the two sections. A calibrated return 
spring fits between the diaphragm and the lower body. The diaphragm rod passes 
through an oil seal and is attached to a link lever. 

The lever and rocker arm are housed in the lower pump body on a common, small 
shaft. 

A return spring is mounted between the body and the rocker arm to keep the arm in 
constant contact with the eccentric cam on the camshaft. 

The pump is bolted to the cylinder block or the tappet cover, depending upon the 
position of the camshaft.

Operation
Inlet stroke
• The eccentric on the camshaft forces the rocker arm towards the pump.
• The rocker arm activates the link lever, which pulls the diaphragm away from the 

pump chamber against spring tension.
• A partial vacuum is created in the pump chamber and the outlet valve is shut.
• Atmospheric pressure in the fuel tank forces the fuel past the inlet valve into the 

pump chamber.

Delivery stroke
• With the rotation of the camshaft, the rocker arm is returned by means of the return 

spring to maintain contact with the eccentric.
• The diaphragm spring is now relieved and forces the diaphragm toward the pump 

chamber.
• The fuel in the pump chamber is pressurised.
• Spring action and the pressure in the pump chamber close the inlet valve.
• Fuel under pressure flows past the outlet valve to the float chamber.

Note: The delivery pressure is determined by the tension of the diaphragm spring. 
This pressure is normally between 14 kPa and 28 kPa. 

Idling stroke
• When the float chamber is filled, the supply from the pump is shut off by the needle 

valve.
• Pressure is built up in the pipe and in the pump chamber.
• This pressure is sufficient to keep the diaphragm spring compressed, keeping the 

diaphragm and the link lever away from the pump chamber.
• The rocker arm continues to follow the eccentric lobe, but without making contact 

with the driving face of the link lever.
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• There is no pump action until the carburettor needle valve is opened again to relieve
the pressure in the pump chamber.

Advantages of the mechanical pump

• It is comparatively cheap to manufacture.
• It is simple in construction and easily repaired.

Disadvantages
• If the fuel pump is not equipped with a preliminary feed mechanism, the engine

must be cranked for a considerable time before the float chamber is filled.
• A leaking diaphragm can cause the fuel to enter the crankcase, diluting the oil.
• Heat of the engine can cause the fuel in the pump to evaporate, causing air locks.

11.2.4 Problems with fuel pumps

Low fuel pressure, which may be caused by:
• worn linkages.
• worn camshaft eccentric lobe.
• leaking valves or diaphragm.
• insufficient tension in diaphragm spring.
• packing between pump flange and cylinder block being too thick.

Causes of excessive pressure

• Packing between pump flange and cylinder block is too thin.
• Excessive tension of diaphragm spring.
• Diaphragm not properly stretched before it is tightened to the flange.

11.3 Fuel filters

All carburettors have narrow channels, ports and jets through which fuel has to flow. 
Small dirt particles can cause the carburettor to stop functioning properly.

Function
The fuel filter prevents dirt in the fuel from entering the pump or the carburettor and 
prevents clogging.

Positions of fuel filters

• In the fuel tank at the beginning of the supply pipe.
• On the inlet side of the fuel pump just before the inlet valve.
• At the inlet of the float chamber just before the needle valve.
• An in-line filter between the fuel pump and the float chamber.
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Figure 11.4  Fuel filter

Construction
Fuel filters consist of a gauze screen of brass or nylon, or a ceramic element. The gauze 
of the screen or the pores of the ceramic element must be small enough to trap all dust 
particles, but large enough not to restrict the flow of fuel. 
The effective area must also be large enough to allow more than the required quantity 
of fuel to flow.

Gauze screens are easily cleaned and require no replacement unless they are broken. 
The ceramic element can be cleaned with compressed air by blowing in the opposite 
direction of fuel flow. 

A ceramic element may need to be replaced when dust particles have clogged the pores 
to such an extent that they cannot be blown out any more.

Note
• A clogged fuel filter increases fuel line resistance. This means that sufficient fuel 

may not be supplied to the carburettor when it is needed by the engine at high  
speeds or under large loads.

• A clogged fuel filter also increases the element resistance during engine 
operation. Fuel cannot flow through it smoothly and a large amount of it will 
remain in the filter. 
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11.3.1 Diesel fuel filters

Dirty fuel fed to the fuel injector pump and injector nozzles causes very high wear 
rates on the closely machined parts. This soon upsets their efficiency and causes loss of 
power, higher fuel consumption and black smoke from the exhaust. 

Tests have shown that as little as 3 g of dirt, less than half a teaspoonful, can wear out 
a fuel injector pump, which can be expected to pump 45 000 litres of fuel during its 
lifetime.

Many different types of fuel filters are used using felt, paper or cotton elements. 
Modern heavy vehicles often use more than one filter in the fuel system.

In a conventional filter the fuel flows upwards through the filter element.

Figure 11.5  Diesel fuel filter
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In the agglomerator filter the fuel flows down through the filter and water is collected 
in the sedimentation chamber (sedimenter).

Figure 11.6  Fuel filter 3

In the sedimenter, large droplets of water and dirt sink to the bottom of the chamber, 
from where they can easily be seen and cleaned out.

Figure 11.7  Fuel filter 4
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Water separation and float

Water is heavier than diesel fuel and sinks to the bottom. The float is lighter than 
water but still heavier than the fuel. The float therefore rises with the water level 
under the fuel. When the float touches a water level detection (reed) switch, a 
magnet inside the float turns on the switch to issue a warning.

11.4 Air filters

Fresh air always contains dust and if it enters an engine via the cylinders, the dust will 
wear out the cylinders, contaminate the lubricating oil and shorten engine life. This 
dust must therefore be removed from the intake air before it reaches the cylinders.

Intake air is cleaned by an air cleaner, which also reduces air speed and reduces intake 
‘roar’ as well as acting as a fire extinguisher when the engine backfires through the 
carburettor. Air cleaners must be checked and cleaned or replaced on a regular basis 
as the element gradually clogs up with dust and blocks airflow to the engine, causing a 
loss in power.

There are two types of air cleaner in general use, the oil-bath (‘wet’) type and the ‘dry’ 
type, using a paper or other element or a cyclone. A cyclone pre-air cleaner is used for 
very dusty and sandy conditions.

11.4.1 The oil-bath air cleaner

This type contains oil in a sump  
at the bottom of a cleaner body  
and a metallic wool element  
that is kept impregnated with oil.  
Large particles of dirt and sand  
fall into the oil bath and the  
intake air passes through the  
filter element where the  
remaining dust is trapped by  
the oily metal wool. 

Operation
When the engine runs, air  
rushes through the air inlet into  
the filter, where it is deflected  
upwards by the oil in the oil sump.  
Dust particles, being heavier  
than air, cannot change direction  
as fast and fall into the oil in  
the sump.

 Figure 11.8  Oil-bath type air cleaner
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The air is then sucked upwards through an oil-soaked element of gauze and steel wool, 
where all remaining dust is trapped.

As the vehicle moves on the road, oil is splashed upwards against the element and 
washes off the dust clinging to the element.

Figure 11.9  Oil-bath air cleaner 2

Advantage of the oil-bath filter 
• It is robust and can be cleaned and reused repeatedly.

Disadvantages
• It takes time to service the filter thoroughly.
• Too little oil in the sump will affect the efficiency of the filter.
• Too much oil in the sump will have a choking effect on the incoming air.

11.4.2 The dry air cleaner

This air cleaner contains a filter element made of paper or cloth, housed in the air-
cleaner compartment. Some paper-type air cleaners use elements that can be washed 
in water.

Figure 11.10  Paper-type air cleaner
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Some recent air cleaners use axial-flow paper elements, which can be made compact 
and light in weight.

Figure 11.11  Axial-flow paper-type air cleaner

Operation
In this type of filter, a porous paper element is used. The paper is pleated like a bellows, 
thereby considerably enlarging the surface available for filtering.

The element is fitted in a housing and sealed with a cover plate. Air streams into the 
filter through a tube and flows through the porous element. The holes in the element 
are small enough to filter microscopic dust particles from the air stream.

This type of element is extremely effective, but will become clogged in time and needs 
to be replaced regularly, as per the manufacturer’s service instructions.

Figure 11.12  Dry-type air filter

Advantages
• It is extremely efficient.
• It takes little time to service.

Disadvantage
• The element has to be replaced regularly. 
• The element may have to be replaced earlier than the recommended intervals, 

depending on its condition.
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11.4.3 Pre-air cleaners

A pre-air cleaner is a kind 
of cyclone air cleaner.  
This highly efficient air 
cleaner has rotating fins  
that separate dust from  
the air by means of 
centrifugal force and  
deposit it in a removable 
dust trap. 

This type of air cleaner  
does not require as  
frequent element 
replacement as other  
types of air cleaners.

 Figure 11.13  Pre-air cleaner

11.4.4 Cyclone air cleaner

A cyclone air cleaner is 
a type of paper air cleaner  
using a paper element.  
It has fins that create  
swirls of air.  
Larger particles of dirt  
or sand are trapped  
inside the cleaner case  
by centrifugal force,  
while smaller particles  
are trapped by the paper  
element. This design  
minimises clogging of  
the filter element and  
does not require  
maintenance as  
frequently as some  
other types.

 
 Figure 11.14  Cyclone type air filter
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Exercise 11.1

1.	 State the function of the fuel pump.
2.	 Name three types of fuel pumps.
3.	 Describe the operation of the electrical fuel pump when the ignition switch 

is turned on.
4.	 Explain the action of the mechanical fuel pump when the carburettor is full 

and the needle and seat have cut off the supply to the carburettor.
5.	 State what determines the delivery pressure in the fuel pump.
6.	 State the advantages of the electric fuel pump.
7.	 State the advantages of the mechanical fuel pump.
8.	 State the disadvantages of the mechanical fuel pump.
9.	 State three causes for low fuel pressure.
10.	 State three causes for excessive fuel pressure.
11.	 State the functions of the fuel filter.
12.	 Name the four positions of the fuel filter.
13.	 State the functions of the air filter.
14.	 Name two types of air filters.
15.	 Describe the operation of the oil-bath type of air filter.
16.	 Name two dry filter types.
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Injectors

12.1 Injectors

Operation
Many different types of mechanical fuel injectors are used for the CI engine. The 
purpose of the injector is to break down the metered quantity of fuel from the injector 
pump and atomise it into such a condition that it will readily mix with the air in 
the combustion chamber, and inject the fuel under high pressure into the highly 
compressed, heated and turbulent air charge in the combustion chamber.

A complete injector consists of a nozzle, body and spring. The nozzle consists of a 
body and valve or needle, the two being ground and lapped together to form a close fit. 
Operation of the nozzle is controlled by fuel pressure from the injector pump.

12.2 Common-rail injection system

Modern electronic technology has led to the design of much more efficient injection 
systems. The so-called common rail system feeds unmetered fuel directly to the 
injectors, which are designed to be operated by a central computer system.

The development of quick-acting solenoid or the later piezo-electric injectors allows 
for the individual control of injectors, which means that injection timing, duration and 
flow rates can be much more accurately controlled by means of electric pulses from a 
central computer to each injector. Fuel is supplied to the injectors under high pressure 
via the ‘common rail’ fuel line and each injector is then opened or shut as required. 

Note
Piezo-electric devices operate with special crystals that either release electrical 
energy when compressed, or expand or contract to open or shut a valve when 
supplied with electricity.

Advantages
• More accurate timing and phasing of injectors.
• Much quieter engine operation.
• Higher engine speeds possible.
• Better fuel consumption.

Disadvantages
• Electric injectors are expensive to manufacture
• Electronic systems are not as robust as mechanical ones.
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Requirements of an efficient injector
The pressure under which injection occurs must be high enough to:
• atomise the liquid fuel as thoroughly as possible.
• deliver the correct spray pattern.
• inject the atomised fuel with sufficient penetration into the combustion chamber.
• inject the atomised fuel in the direction of the required section of the combustion 

chamber.

Construction

Figure 12.1  Injector

The injector consists of a nozzle and a nozzle retainer. The nozzle contains a needle 
valve and seat. A spring-loaded mechanism, which fits in the injector, keeps the valve 
against the seat at a predetermined pressure. This pressure can be varied by varying the 
tension of the spring by means of shims or an adjusting nut with lock nut. The nozzle 
retainer is either screwed into the cylinder head, or is clamped onto it and fitted with 
connections for supply fuel and leak-off pipes for excess fuel.

The nozzle is mounted to the nozzle retainer by means of a cap nut and may be 
dowelled to ensure the correct location in the nozzle retainer. The nozzle and nozzle 
retainer are equipped with channels to direct the fuel under pressure from the supply 
pipe to the domed space round the lower section of the nozzle.

Note
Excessive spring tension will result in retarded injection timing, while advanced 
injection timing is caused by excessively low spring tension.
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Operation
During the delivery stroke of the injector pump, fuel under high pressure is forced 
through the channel to the domed space around the lift face.

 Figure 12.2  Injector (before injection)

The fuel exerts pressure on the lift face of the needle valve; when the fuel pressure 
exceeds that of the spring tension, the valve is forced away from the seat and atomised 
fuel under high pressure escapes past the needle valve.

 
 Figure 12.3  Injector Figure 12.4  Injector (end of injection)
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On completion of the delivery stroke from the injector pump, there is a drop in 
pressure in the domed space. The higher tension of the spring exceeds this lower 
pressure and the needle valve is immediately closed against the seat as a result of which 
injection ceases. Any leaked fuel accumulating in the chamber round the spring, is 
directed through the leak-off pipe to the inlet side of the injector pump.

12.3 Nozzles

12.3.1  Single-hole nozzles

These types of nozzles are usually used in direct injection CI engines. The stems of 
the valves may be of the normal or long-stem type. The long-stem type is used where 
engine temperatures rise abnormally high and the fuel channel may be in line with the 
centre of the needle valve or may be placed at an angle.

 

 Figure 12.5 Single-hole injector

 Figure 12.6 Multi hole injector
12.3.2 Multi-hole nozzles

The number of holes varies from four to as many as twelve holes per nozzle. The holes 
are arranged so that they supply a symmetrical number of spray patterns.
In both cases the spray pattern and penetration are determined by the length and 
diameter of the hole. It is a popular choice for direct-injection engines, with the 
four-hole type being the most popular. The diameter of the holes varies from 0,2 mm 
upwards in steps of 0,02 mm.
 

12.3.3 Pintle nozzles

This is a single-hole nozzle, with the end of the needle extended to form a pin or pintle 
that protrudes through the hole in the nozzle body. By varying the size and shape of 
the pintle, the spray formation can be varied to suit different engine requirements. 
This type of nozzle is usually found in pre-combustion chamber or indirect-injection 
engines where high air turbulence provides efficient mixing of fuel at lower operating 
pressures.
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In some nozzle types, the pintle is designed so  
that the slightest initial movement of the needle  
valve supplies a preliminary spray while the main  
spray is slightly delayed. The use of the latter results  
in a more even pressure rise in the combustion  
chamber and consequently more even, quieter  
combustion and performance. 

 Figure	12.7  Pintle-type injector

  Figure	12.8  Delay nozzler

12.3.4  Pintaux nozzles

This is also a pintle nozzle, but is modified by having an auxiliary spray hole at the side 
of the main discharge nozzle. When the engine is turned over by the starter motor, the 
needle is not lifted far enough to clear the pintle hole and fuel is discharged through 
the auxiliary spray hole. This gives better atomisation of the fuel and therefore easier 
starting under cold conditions. When running normally, the higher fuel pressure lifts 
the needle completely so that the main part of the fuel is discharged as in a normal 
pintle nozzle.

During low engine revolutions or with a cold engine, the area of highest temperature 
in the combustion chamber lies directly opposite and close to the port leading from the 
cylinder. At higher engine revolutions at normal operating temperature, this area is on 
the opposite side in the combustion chamber. The nozzle is designed so that more fuel 
is injected towards the hottest section of the combustion chamber under all conditions 
and at all engine revolutions.

 Figure 12.9  Pintaux-type nozzle
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12.3.5 Nozzle testing

Incorrect functioning of the injector may lead to bad starting, poor idling of engine, 
diesel knock or black smoke from the exhaust. The main points to check are:
• Back leakage. Wear between the needle valve and its holder will allow fuel to leak 

back into the injector body instead of being injected into the combustion chamber.
• Pressure setting. Correct atomisation of the fuel will be achieved only when the 

spring tension is correct.
• Spray pattern. Mixing of the atomised fuel with the compressed air in the 

combustion chamber can be achieved efficiently only when the hole or holes in the 
tip of the nozzle give the correct spray patterns. Holes may be blocked with carbon 
or dirt.

• Seat tightness. An important function of the injector, which prevents the emission 
of black smoke from the exhaust, is that the needle returns back to its seat quickly 
to maintain an efficient seal. Because the injector pipes are maintained at a pressure 
just below opening pressure, any fuel dribbling into the combustion chamber will 
quickly form carbon deposits and emit black smoke from the exhaust.

Figure 12.10  Nozzle testing kit
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12.4 Preheating system

When a diesel engine is cold-started, the combustion chamber is still cold and the 
compressed air sometimes not hot enough to ignite the injected fuel. This problem 
occurs more often with diesel engines using an auxiliary chamber, due to the larger 
overall surface area of the combustion chamber.

For this reason, glow plugs are used in the combustion chambers of auxiliary chamber 
type diesel engines. An electric current is supplied to the glow plug before and 
during the engine cranking to heat the combustion chamber and thus maintain the 
temperature of the compressed air at a sufficiently high level for ignition.

Most direct injection systems have no glow plugs because their combustion chambers 
have relatively small surface areas and are less subject to heat losses. In cold areas, 
however, the temperature of the outside air is often very low and the engine cannot be 
started easily. For this reason, some diesel engines have an intake air heater to increase 
the temperature of the intake air.

Figure 12.11  Glow plug
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Exercise 12.1

1.	 State the function of the injector.
2.	 State four requirements of an efficient injector.
3.	 Name four type of injector nozzles.
4.	 Make four drawings to illustrate the differences between the various injector 

nozzles.
5.	 Name and briefly describe the four tests carried out on the injector.
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Combustion chambers

13.1 Compression ignition engines

13.1.1 Combustion chambers 

The compression ignition (CI or diesel) engine differs from other internal combustion 
engines in the sense that its fuel and air are separated, until the moment the fuel 
is injected into the compressed air and combustion occurs. The CI engine takes in 
pure air only, either at atmospheric pressure, or compressed by a turbocharger or 
supercharger, which is then compressed to a ratio of between 16 : 1 and 22 :1. 

This compression heats the air to such a temperature that the injected fuel ignites 
spontaneously in it.

To burn efficiently and produce maximum energy, the injected fuel and aspirated 
air must be thoroughly mixed before ignition, but because the fuel and air can only 
be mixed inside the combustion chamber (and not outside, as in petrol engines), 
its design is of crucial importance. This explains why the IC engine’s IC engine 
combustion chamber is such a complicated design.

Because ignition in the CI system depends on the temperature of the compressed air, 
the ratio of area to volume of the combustion chamber must be kept as low as possible 
to limit loss of temperature. To atomise the fuel and mix it as thoroughly as possible 
with the superheated air, vigorous movement is required. This vigorous movement of 
air, or turbulence, is attained by a combination of swirling and squish, and IC engine 
combustion chambers and piston crowns are shaped in various ways to achieve this.

Swirling means imparting a spiral movement to air, which is done during the intake 
stroke by the design and positioning of the intake ports and by making use of masked 
intake valves.

Squish occurs during the compression stroke and is a rapid spurting movement of 
the air from the cylinder walls towards the centre of the cylinder. The raised piston 
edges move towards the cylinder head and in the process air is forced towards the 
combustion chamber at an increasing rate.

There are two main types of IC engine: direct or indirect injection models.
• In the first type, the fuel is injected straight into the combustion chamber

(which may be formed in the piston crown).
• The second type uses a separate chamber, linked to the main combustion

chamber, where the fuel is mixed and pre-ignited.
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13.1.2 Direct injection

Here the combustion chamber is formed in the piston crown. Fuel is injected directly 
into the cylinder from above the piston so that combustion occurs in the space 
between the piston and the cylinder head.

Direct injection chamber types

Figure 13.1  Direct injection chamber types

The intake ports are placed at an angle to the cylinders to impart swirl to the air, and 
this is further promoted by the use of masked intake valves. The ratio of area to volume 
of this combustion chamber is very low, so little heat is lost during the compression 
stroke. As a result of this relatively large combustion chamber volume, increased 
compression ratios and higher injection pressures are required to obtain sufficient 
penetration and atomisation of the fuel.

Figure 13.2  Direct injection 
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Advantages of direct-injection
•  Easier starting because less heat is lost during compression stroke.
•  Glow plugs are not required for cold starting.
•  Increased thermal efficiency results in relatively lower fuel consumption.

Disadvantages
•  Due to increased mean effective pressure, combustion knock may occur more 

frequently and be more pronounced. 
•  Increased injection pressure places more stress on the injector pump, which means a 

larger drain of engine power.

13.1.3 Indirect injection

This design provides for a pre-combustion chamber in the cylinder head. The 
combustion chamber is normally cast into one side of the cylinder and is designed 
to promote vigorous swirling. Atomisation and mixing of fuel with air are promoted, 
because the direction of airflow through the port from the cylinder to the combustion 
chamber is in an opposing direction to that of injection. Some designs provide 
removable covers to open the combustion chamber for decarbonising.

The area of the combustion chamber subjected to cooling is relatively large, so more 
heat is lost during the compression stroke. The effect of this is that starting problems 
may occur during cold conditions. To neutralise this, various methods are employed.

13.2 A pre-combustion chamber 

Figure 13.3  A pre-combustion chamber

For better cold-starting, the fresh air charge can be heated by means of glow plugs in 
the combustion chambers or by heater coils in the intake manifolds. The use of Pintaux 
type injector nozzles, that squirt fuel towards the hottest part of the engine when 
starting, is also recommended – in some engines the starting compression ratio is 
increased by means of a screw-in plug. In the latter case more heat is developed during 
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the compression stroke to help start the engine. Once normal operating conditions and 
temperatures have been reached, the plug is partly unscrewed to avoid knocking.

Advantages of indirect injection
• The engine can attain higher revolutions and develop more power.
• The engine operation is smoother and less noisy.
• A lower grade of fuel may be used.

Disadvantage
• Starting problems are experienced when engines are cold.

13.7 Pistons

The diesel engine piston is designed to withstand higher pressure and temperatures 
than that of a petrol engine. The clearance between the piston crown and the cylinder 
head is smaller, to achieve the required high compression ratios. The piston crown is 
also provided with recesses (cut-outs) to keep the piston from touching the valves. 

In a direct injection system, the cut-out acts as the combustion chamber. In the pre-
combustion chamber system, on the other hand, the cut-outs generate eddy currents 
in the high-temperature gases from the pre-chamber, enabling the fuel to mix more 
rapidly and thus burning more thoroughly.

Figure 13.4  Combustion chambers for direct injection
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Exercise 13.1

1. What is the average compression ratio for compression ignition engines?
2. Why is vigorous movement of air required in a CI engine’s combustion

chamber?
3. Describe what is meant by swirling.
4. Describe how swirling can be obtained.
5. State when and how squish occurs in the combustion chamber.
6. Describe what is meant by squish.
7. Define direct injection.
8. State the advantages of direct injection.
9. State the disadvantages of direct injection.
10. Define indirect injection.
11. In the indirect injection system, more heat is lost during the compression

stroke. State the methods that can be employed to neutralise this problem.
12. State the advantages of indirect injection.
13. State the disadvantages of indirect injection.
14. Make two neat drawings to illustrate the difference between a direct and

indirect injection combustion chamber.
15. What is the function of the glow plug in the indirect combustion chamber?




