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INTERNAL COMBUSTION

ENGINES
6.1 Introduction

Heat engines may be divided into two main classes, according to where combustion 
of fuel takes place. In one class, the combustion of fuel takes place entirely outside the 
working cylinder. Such engines may be called external combustion engines. The most 
common examples of this class are steam engines and steam turbines, where the working 
substance is steam. In an external combustion engine the power is produced in two 
stages. The energy released from the fuel is first utilized to evaporate water in a boiler 
and then the steam so produced is made to act on the piston of the steam engine or 
on the blades of the steam turbine, producing external power. If the combustion of fuel 
takes place inside the engine cylinder, so that the products of combustion directly act on 
the piston or blades, we have the engines of the second class — the so called internal 
combustion engines. Diesel, gas and petrol engines and gas turbines are the common 
examples of this type, where the working substance is products of combustion.
6.2 Advantages of Internal Combustion Engines over External Combustion Engines

Internal combustion engines have certain advantages over the external combustion 
engines. In steam engine plant, the heat of combustion generated in the boiler furnace 
passes through the shell or tubes of the boiler to the water on the other side, thus 
generating the steam. In most modern steam generators in which the boiler is equipped 
with superheater, economiser, etc., about 20% of the heat is wasted during the process 
by radiation and by loss up the chimney. The proportion of the total heat going to an 
engine which can be converted into work depends upon the range of temperature of 
working substance, and in a steam engine this range is small, not exceeding 150°C when 
saturated steam is used, and about 280°C when superheated steam is used.

Consequently, a steam plant (steam turbine or steam engine) not only loses much 
of its heat up the chimney, but also is able to convert only a small part of heat that 
goes to the engine into work. In the best modern steam engines and steam turbines, 
only about 20 to 30 per cent of the heat going to the engines is converted into work 
i.e. about 15 to 25 per cent of the heat of combustion of fuel is converted into work in 
the modern best steam plants, i.e. the overall efficiency of the modern steam plants is 
about 15 to 25 per cent. The ordinary steam engine does not convert into work more 
than 8 to 10 per cent of heat of combustion of fuel. The steam plant after shut down 
requires considerable time and fuel before the plant can again be put in operation. If the 
boiler is kept running (so as to maintain steam pressure while the engine is not working), 
a considerable amount of fuel will be wasted. I. C. engine can be started and stopped 
within a few minutes.

In an internal combustion engine, where the fuel is a gas or volatile fuel (petrol), 
there is no apparatus corresponding to a boiler, and no loss corresponding to the boiler 
losses. If the fuel is coal, it is usually converted into gas before it is used in an internal 
combustion engine; this necessitates the use of a gas producer, in which some of the 
heat will be lost, though not as much as in the case of the boiler.

In an internal combustion engine, the charge (air mixed with combustible gas or



vaporized liquid in correct proportion) is drawn into the cylinder by the piston. The mixture 
after being compressed into clearance space is ignited by an electric spark, so that the 
explosive combustion takes place while the volume of the charge is nearly constant. The 
heat thus internally developed gives the working medium a high temperature and pressure, 
and then expansion of the gas occurs and work is done as the piston advances. When 
the expansion is complete, gases are cleared from the engine cylinder in order to make 
way for fresh charge.

Considering thermodynamically, internal combustion engines have the advantage over 
the steam engines and steam turbines, that the working medium takes in heat (by its 
own combustion) at a very high temperature. In the combustion of the charge, a temperature 
of about 2,200°C is reached. The full thermodynamic advantage of a high temperature 
could not be reached in practice, for the cylinder walls if allowed to reach this high 
temperature would soon be destroyed. Lubrication of piston would also be impossible 
hence the cylinder is generally water jacketted to keep the cylinder walls and other engine 
parts cool. With large internal combustion engine the difficulty is to keep the cylinder and 
the piston cool, while with steam engine the cylinder should be kept hot to reduce the 
bsses due to condensation of steam. The average temperature at which the heat is 
received in an internal combustion engine is far above that at which heat is received 
fry the working medium of a steam engine or steam turbine. On the other hand, the 
internal combustion engines do not discharge heat at as low a temperature as do steam 
engines and steam turbines. But the actual working range of temperature is so large that 
an I.C. engine converts into work two or three times more of heat energy of the fuel 
than is realised by any steam engine or steam turbine. A good I.C. engine will convert 
about 35 to 40 per cent o f energy o f fuel into work, the best steam engine will convert 
not more than 20 per cent and best steam turbine will convert not more than 30 per 
cent of the heat o f combustion of fuel into work.

High efficiency and absence of auxiliary apparatus such as futnaces, boilers, condensers, 
make the I.C. engines relatively light and compact for its output. In addition to these 
advantages, the I.C. engine has become one of the most reliable devices serving mankind.
I.C. engines are almost main source of power for aircraft, road vehicles and tractors. Of 
the new locomotives ordered now-a-days in England and America, over 90 per cent are 
powered (driven) by Diesel engines. I.C. engines are very useful in marine service where 
space is of great importance.
6.3 Development of I.C. Engines

Around 1878, many experimental I.C. engines were constructed. The first really 
successful engine did not appear, however, until 1879, when a German engineer, Dr. 
Otto, built famous Otto gas engine. The operating cycle of this engine was based upon 
principles first laid down in 1860 by a French engineers named Bea de Rochas. The 
majority of modern I.C. engines operate according to these principles.
The development of the well known Diesel engine began around 1893 by Rudolf Diesel. 
Although this engine differs in many important respects from the Otto engine, the operating 
cycle of modern high speed engines is thermodynamically very similar to the Otto cycle.
6.4 Classification of I.C. Engines

Internal combustion engines may be classified according to :
(i) Cycle of operation (the number of strokes required to complete the cycle) •— 

two - stroke cycle engine and four-stroke cycle engine.
(ii) Cycle of combustion - Otto cycle engine (combustion at constant volume), Diesel 

cycle engine (combustion at constant pressure), and dual-combustion cycle
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engine or semi-Diesel cycle engine (combustion partly at constant volume and 
partly at constant pressure).

(iii) Arrangement o f cylinders - horizontal engine, vertical engine, V-type engine, 
radial engine, etc.

Civ) Number o f cylinders - single cylinder engine and multi-cylinder engine.
(v) Action o f products o f combustion upon the piston - single-acting engine and 

double-acting engine.
(vi) Speed o f the engine - low speed, medium speed and high speed engine.
(vii) Type of fuel - Diesel oil engine, petrol engine, gas engine, light oil (kerosene) 

engine.
(viii) Method of igniting fuel - spark ignition and compression ignition (C.l.) engine.
(ix) Method of cooling the cylinder - air cooled engine and water cooled engine.
(x) Method of governing the engine - hit and miss,, quality and quantity governed 

engine.
(xi) Method ef fuel supply to the engine cylinder - carburettor engine, air injection 

engine and solid or airless injection engine.
(xii) Suction pressure - naturally aspirated engine and supercharged engine.
(xiii) Their uses - stationary engine, portable engine, marine engine, automobile 

engine, tractor engine, aero-engine, etc.
For example, an engine may be described as an oil engine, but it can be more 

properly described as : 20 brake power, Diesel two-stroke cycle, horizontal, single cylinder, 
single-acting, high speed, solid injection, compression ignition, water cooled, quality governed, 
naturally aspirated, stationary engine.
6.5 Requirements of I.C. Engines *

In any I.C. engine the following requirements must be met :
(i) The charge of fuel and air in correct proportion must be supplied to the engine.
(ii) The fuel and air o r'a ir only must be compressed either before or after the

mixing takes place. ■
(iii) The compressed mixture must be ignited, and the resulting expansion of 

combustion products is used to drive the engine mechanism.
(iv) The combustion products must be cleared from the engine cylinder when their

expansion is complete, in order to make room for the fresh charge to enter
the cylinder.

Cycles o f operation : Two methods are used to carry out the above mentioned 
processes in an I.C. engine, namely, the four-stroke cycle and two-stroke cycle. If an 
engine requires four strokes of the piston or two revolutions of the flywheel to complete 
the cycle, it is termed a four-stroke cycle engine. If on the other hand, the cycle (all the 
processes) is completed in two strokes of the piston or in one revolution of the flywheel, 
then the engine is termed a two-stroke cycle engine. Majority of the I.C. engines operate 
on the four-stroke cycle. For detailed description of two-stroke and four-stroke cycle 
engines, refer volume I, Chapter 10.

Cycles of combustion : Engines which draw in mixture of fuel and air during the 
suction stroke and ignite the compressed mixture by means of a timed electric spark or 
small hot spot and burn the mixture while the piston remains close to the top dead centre 
(constant volume burning), are called Otto cycle engines. Otto cycle or constant volume 
cycle engines may be two-stroke or four-stroke. Gas, petrol, light and heavy oil engines
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use this cycle. This cycle is very popular in two-stroke petrol and oil engines.

In Diesel cycle engines, only air is drawn in and compressed to pressure of about 
35 bar by the piston during the compression stroke, the fuel oil being pumped in the 
cylinder when the compression is complete. In this way the fuel is fired by coming in 
contact with the high pressure hot air. A Diesel engine needs no spark plug or a separate 
ignition equipment. Diesel cycle is known as constant pressure cycle because the burning 
of the fuel takes place at constant pressure. Diesel cycle is much used in heavy oil 
engines. Diesel cycle may be two-stroke or four—stroke.

In dual-combustion cycle engine, only air is drawn in the cylinder during the suction 
stroke. This air is then compressed into a hot combustion chamber or hot bulb at the 
end of the cylinder during the compression stroke, to a pressure of about 28 bar. The 
heat of the compressed air together with the heat of the hot combustion chamber is 
sufficient to ignite the fuel. The fuel is injected or sprayed into the hot combustion chamber 
just before the end of the compression stroke where it immediately ignites. The injection 
of fuel is continued during the first part of the working stroke until the point of cut-off is 
reached, which is regulated by the governor.

The burning of fuel at first takes place at constant volume and continues to burn at 
constant pressure during the first part of the working stroke. The cycle is known as dual 
combustion cycle or Mixed cycle because the heat is taken in partly at constant volume 
and partly at constant pressure. Dual-combustion cycle engines may be two-stroke or 
four-stroke. Engines working on this cycle are sometimes known as semi-Diesel engines. 
This cycle is much used in heavy oil engines. Modern high speed Diesel engines operate 
on this cycle. For detailed description of Otto cycle and Diesel cycle engines, refer volume 
1, chapter X.
6.6 Scavenging Methods in Two-stroke Cycle Engines

The clearing or sweeping out of the exhaust gases from the combustion chamber of
the cylinder is termed scavenging.

It is necessary that the cylinder should not have any trace of the burnt (exhaust) 
gases because they may mix with the fresh incoming charge and reduce its strength.
Power will be lost if the fresh charge is diluted by the exhaust gases.

Etitoust valve

Cylinder f

'! s' o  Piston 

/ o

Exhaust

Scqvengt777 air 
0 .2 )

(a) Crossflow (b)Fult-loop or backflow (c) Uniflow

10 Fig. 6-1. Different methods of scavenging in two-stroke cycle engines.



In a four-stroke cycle engine the exhaust gases are pushed out of the cylinder by 
the incoming piston, but in a two-stroke cycle engine scavenging is necessary, since the 
piston does not help in forcing out the burnt gases from the cylinder. In a two-stroke 
cycle engine the scavenging is carried out with the help of incoming fresh charge (fuel-air 
mixture) or air which is partially compressed before it is admitted to the cylinder. The 
fresh charge or air, being at a higher pressure than exhaust gases, pushes out the gases 
through the exhaust passages. This is possible because admission of the fresh charge 
and removal of the exhaust gases are taking place at the same time in a two-stroke 
cycle engine. In order to prevent the fresh charge of fuel-air mixture from entering the 
exhaust ports and passing out through it, the charge is deflected upwards by the deflector 
or baffle provided on the crown of the piston [fig. 6-1 (a)]. The possibility of losing some 
of the entering charge which consists of fuel and air is only with two-stroke Otto cycle 
engines. In a two-stroke Diesel cycle engine, air alone is admitted into the cylinder which 
helps in the scavenging work.

The scavenging methods in two-stroke cycle engines are :
6.6.1 Crossflow scavenging : The admission (or scavenge) ports are provided on 

the sides of the cylinder and the exhaust ports are kept on the opposite cylinder wall. 
The charge or air entering through the scavenge ports is directed upwards which pushes 
out the exhaust gases through oppositely situated exhaust ports as shown in fig. 6-1 (a).

6.6.2 Full-loop or backflow scavenging : The exhaust ports and scavenge ports 
are provided on the same side of the cylinder wall and the exhaust ports are situated 
just above the scavenge ports as shown in fig 6-1 (b). This method is particularly suitable 
for double—acting C. engines.

6.6.3 Uniflow scavenging : Scavenging ports are provided on one side of the cylinder 
wall, and exhaust valvec are kept in the cylinder head for the removal of the exhaust 
gases. Here the scavenge air and the exhaust gases move in the same upward direction 
as shown in fig. 6-1 j .  The mixture or air requires to be compressed before it is 
admitted to cylinder so that it will help in scavenging the cylinder.

The scavenging air or mixture is produced in the following three ways :
(i) Crankcase compression : A mixture of vaporized fuel and air, or air alone in case

of a Diesel engine, is compi. sed in the gas-tight crank case of the engine, by the back
of the piston during its working or outward stroke. The compressed mixture or air then 
enters the cylinder through scavenge or transfer port. This method is known as crankcase 
scavenging and is used in small size engines.

(ii) Cylinder compression : The mixture or air is compressed at the non-working end 
of the cylinder by the back of the engine piston during its outward stroke. In such a 
case the non-working end of the cylinder is also a closed one with a suction valve 
provided at this end to admit the mixture of air and fuel or air for compression. The 
partially compressed charge is then admitted to the working end of the cylinder through 
the transfer port.

(iii) Separate compression ; A separate compressor, either driven from the engine 
crank shaft or using outside power, may be provided to supply compressed air to the 
cylinder. For an Otto cycle engine (gas engine), separate valves may be provided for the 
admission of compressed air and gas. In such a case the air enters first, which will 
scavenge the cylinder. The air is then followed by gas and more air for combustion. In 
this method the question of loss of power due to some of the fresh mixture going out 
along with the exhaust gases does not arise, since only compressed air is used for 
scavenging. This method is the best and used in all large engines.
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6.7 Handling of Volatile Liquid (Petrol) Fuels
The term carburation is applied to the process of vaporizing liquid hydrocarbon fuels. 

Spirit fuels such as petrol, benzol and alcohol, vaporize slightly at atmospheric conditions. 
Hence, the engine suction is sufficient to vaporize these fuels and no preheating is 
necessary. In case of oil fuels, such as light oil and paraffin, vaporization of the liquid
is done by preheating in a vaporizer with the help of exhaust gases.

The apparatus used for vaporizing petrol and other spirit fuels is called a carburettor; 
in this apparatus no heating is necessary. Carburettors are constructed chiefly for gasoline 
fuels, though some are made for volatile fuels such as kerosene or alcohol. Fundamentally 
the carburettor must fulfil the following main functions :

(i) To maintain a small reserve of petrol at a constant head.
(ii) To give correct proportion of petrol to air at all speeds and according to varying

load requirements of the engine.
(iii) To vaporize the petrol and to produce homogeneous air-fuel mixture.
(iv) To supply a comparatively richer mixture during slow running or idling periods 

and at starting.
(v) To supply a special rich mixture when the engine is to be accelerated by 

opening the throttle valve suddenly.
6.7.1 Simple carburettor : The simplest design of a carburettor is simple carburettor 

which consists of a single jet situated in the centre of the choke tube and to which fuel 
is supplied at a constant level from a float chamber as shown in fig. 6-2.

Petrol enters the float chamber through a filter and a valve. The level of petrol is 
maintained constant at correct height by the float. When the correct level is reached, the 
float rises and forces the needle valve downwards and shuts off the petrol supply.

The suction of the engine causes air supply to rush through the choke which is shaped as 
a venturi cone. The choke tube surrounding the top of the jet is reduced in diameter, so as to 
increase the velocity of air at this point and reduce its pressure (pressure will be less than
atmospheric). Atmospheric pressure exists on the top of the float chamber which is produced
by an air vent hole. The difference between the atmospheric pressure and the pressure around

the top of the jet causes the petrol 
to flow into air stream at the throat 
of the choke tube and gets 
vaporized. Tip of the fuel jet is 
placed higher (about 1.5 mm) than 
the normal level of petrol in the float 
chamber, in order to avoid leakage 
of petrol when there is no air flow or 
when the engine is at rest.

A carburettor of this type (fig. 6-2), 
would give a rich mixture as the 
engine speed increases and weak 
mixture as the engine speed 
decreases. Assume that the throat 
of the choke tube and jet have been 
so designed as to permit the pas-
sage of fifteen parts of air and one 
part of petrol by weight under certain 
conditions of suction. A mixture of 
proper proportion will be drawn into



the engine cylinder. It is natural to suppose that as the speed of the engine increases, flow of 
petrol and air will increase in the same proportion. Such, however, is not case. Petrol is more 
responsive to suction than air. The laws governing the flow of liquids from a jet and air through 
the venturi cone are not the same, for one is a liquid and the other is a gas. Consequently, as 
the engine speed increases, the flow of petrol into engine cylinder increases faster than the 
flow of air, the mixture becoming too rich at the high speeds. Thus in a given example, if the 
velocity of air past (just over) the jet be doubled, the flow of the petrol will be increased by about 
2 i  times.

6.7.2 Zenith carburettor : Many different devices have been used for balancing or
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Fig. 6-3. Diagrammatic sketch of Zenith carburettor.
compensating the action of the single jet, so as to secure a constant mixture strength. 
One of the simplest and most satisfactory of these devices is the use of two jets, the 
main fuel jet and the compensating jet, shown in fig. 6-3.

The compensation is effected by means of an additional jet called the compensating 
jet. Fixed amount of petrol from the float chamber is permitted to flow by gravity through 
the metering jet into the well, open to atmosphere. The supply to the well is not affected 
by the suction of the engine, because suction is destroyed by the open well. As the 
engine speed increases, more air is drawn through the carburettor, while the amount of 
petrol drawn through the compensating jet remains the same and therefore the mixture 
grows leaner (weaker) and leaner. By combining this compensating device with single jet, 
we secure the compound nozzle giving us a constant mixture strength.

In addition to giving a correct proportion of petrol and air at all speeds, a carburettor 
should also provide a suitable mixture for starting and slow running or idling. The provision 
is also made in the Zenith carburettor by providing a separate starting je t which automatically 
comes into action for slow running or for starting, when the throttle valve is only slightly 
open. In that case, air velocity in the choke tube is not sufficient to operate the main
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je t but in the contracted passage around the slightly open throttle valve, there is sufficient 
air velocity to operate the starting je t through a by-pass near the edge o f throttle. As 
the engine speed increases and throttle valve is opened a certain amount, the air velocity 
at the mouth o f the by-pass is not sufficient to operate the starting je t and it automatically 
goes out of action. The air supply to the starting je t is controlled by a pointed screw, 
so that any strength o f 'm ixture can be adjusted for starting.

Provision is also made in the Zenith carburettor for supplying 100% excess of petrol 
for 3 or 4 cycles when the engine is accelerated and the throttle is suddenly opened. 
When the engine is running with throttle full open, the well fed by the gravity is normally 
dry but when idling or slow running, the well fills up to nearly the level in the float 
chamber. So as soon as the throttle is opened, the sudden depression caused by the 
inflow of air to the induction system, draws in the whole contents of the well in the 
induction system and provides momentarily an over-rich mixture. Fig. 6-3 shows diagram- 
matically the Zenith carburettor with a compensating jet, and idling and starting jet.
6.8 Handling o f Heavy Fuel O ils (Methods of Fuel Injection)

The purpose of fuel injection device is to inject the exact quantity of fuel in the 
engine cylinder at the proper moment of the working cycle and in a state most suitable 
for combustion. The main requirements which the injection system must, therefore fulfil 
are: (a) accurate metering of small quantity of fuel oil needed to develop the desired 
power, (b) correctly timing the beginning and end of fuel injection period. Injection should 
begin at the required moment so that the maximum power and fuel economy may result. 
Early injection delays ignition because the temperature of the charge at the instant is not 
high. Excessive delay in injection results in poor fuel economy, reduction of power, smoky 
exhaust and noisy operation of the engine, (c) control of rate of fuel injection, (d) 
atomisation of the fuel to facilitate proper combustion and (e) uniform distribution of fuel 
in the combustion space.

The fuel injection equipment, therefore, consists of the following units :
(i) a governor to regulate the fuel oil supply according to load,
(ii) a fuel pump or injection pump to deliver fuel oil under pressure,
(iii) an injection nozzle (valve) or atomiser to inject fuel oil into the cylinder in a 

finely atomised state, and
(iv) an air compressor in the case of air injection engines.

6.8.1 Fuel oil injection methods : Engines working on constant pressure (Diesel) or 
dual-combustion (Semi-Diesel) cycle both of which require pure air for compression, must 
have external source of forcing the oil into the cylinder. For these types of engines, there 
are two distinct methods of fuel injection - air injection and airless injection. The latter 
method is known under different names such as mechanical injection or solid injection.

6.8.2 A ir injection : In this method of fuel injection, the fuel is injected through the 
nozzle (valve) by means of compressed air of a much higher pressure than that produced 
in the engine cylinder at the end of compression stroke. A measured quantity of fuel oH 
is pumped into an annular space provided in the bottom of injection valve and an air 
pressure of about 60 bar is applied to it. When the injection valve is opened by the cam 
and rocker lever arrangement, the fuel is driven into the combustion space at the high 
velocity by the high pressure air. The high pressure air is supplied from storage air 
bottles, which are kept charged (filled) by the air compressor driven by the engine itself.

Fig. 6-4 shows a mechanically operated air injection valve. The valve consists of a 
plain spindle a with a conical seating and held against its seating by a very stiff spring 
(not shown). Immediately surrounding the valve spindle is a light and long atomising tube



f Fuelpassage

b which also rests on a coned seating d, but the seating is fluted or grooved in order
to permit the passage of fuel and air past it. 
Above the seating are a number of perforated 
discs e through which fuel and air are driven. 
The long atomising tube b is placed in the 
valve body g which fits into an opening in 
the cylinder head h

The fuel oil from the fuel pump enters 
the fuel passage while the air from the injection 
bottle enters the air passage c. Thus,,air 
and oil are forced into the same concentric 
area just above the discs e. The fuel valve 
is constantly exposed to the high pressure 
injection air, whereas the fuel is deposited 
above the discs just slightly before the needle 
valve a opens. At the proper moment in the 
engine cycle, the needle valve a is mechani-
cally lifted by means of rocker and cam 
arrangement. The high pressure air then rushes

Fig. 6-4. Mechanically operated air injection valve. tow ards th e  Cylinder Carrying With it th e  Oil.
The oil is forced through small openings (holes) in the discs e and broken in small 
particles. The fuel-air mixture is injected into the combustion chamber space through a 
central orifice in flame plate f. The flame plate has one central opening through which 
oil and air pass at a very high velocity, by means of which the fuel is atomised and 
distributed evenly in the combustion chamber.

6.8.3 Solid injection : Solid injection is also termed as airless or mechanical injection. 
This method employs mechanically operated fuel pump which meteres out correctly the

quantity of fuel required for the working stroke, 
and to inject it through a fuel injection nozzle 
under high pressure with a view to atomise 
it or break into very small particles and to 
inject the fuel particles at a high velocity into 
the mass of compressed air in the combustion 
space. The fuel injection pressure varies from 
100 to 125 bar and in some cases even more 
than this. The desired pressure is produced 
by the fuel pump of the plunger type, shown 
in fig. 6-19.

Figs. 6-5 and 6-18 show section of a solid 
injection Bosch fuel spray valve or atomiser. 
The nozzle is usually built with one or more 
holes through which the fuel sprays into the 
cylinder at high velocity. The holes in the 
nozzle body are carefully drilled to direct the 
spray in the cylinder most advantageoulsy. 
Immediately behind the hole or holes, is a 
nozzle valve which is held on its seat by a 
very stiff adjustable spring force. The pressure 
at which the nozzle valve will lift, depends 

'*ice upon the amount of compression placed upon
Fig. 6-5. Sectional view of a solid injection Bosch fuel 

nozzel.
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the spring which is adjustable by means of adjusting screw (fig 6-18). The nozzle valve 
is usually set by a set-screw to open at 100 to 125 bar pressure. A feeler pin passes 
through the centre of compression screw, which enables the functioning of the nozzle 
valve to be felt while the engine is running-slight knock indicating that the nozzle is in 
operation. Any slight leakage of fuel that may accumulate above the valve, can be taken 
away to a drain tank by means of a pipe connected to leak-off nipple (fig 6-18).

The valve remains sealed (closed) until the motion of the fuel pump plunger on the 
delivery stroke builds up a sufficient pressure in the injection line. When the high pressure 
fuel oil in the pressure chamber (shown clearly in fig 6-5) overcomes the spring force, 
the valve is lifted off its seat. As soon as the communication to the engine cylinder or 
combustion chamber is reached, the pressure is suddenly released and the valve under 
the action of spring comes back to its seat, pushing the oil in front of it through one or 
more holes with a very high velocity.

The fuel pump (fig 6-19) has two main functions to perform - it must start the injection 
at the proper crank angle, late in the compression stroke, and it must force the oil through 
the nozzle and into the cylinder the exact quantity of fuel needed to develop the requisite 
(required) power.
6.9 Comparison between Solid Injection and Air Injection

Following are the advantages Of solid injection :
(i) The quantity of fuel is metered out correctly.
(ii) The system possess simplicity and it is very suitable for high duty engines.

Following are the disadvantages of solid injection :
(i) Penetration of fuel is not as perfect as with air injection.
(ii) Brake mean effective pressure obtained is not as high as that obtained with 

air injection.
(iii) Fuel and pipe line some times give injection timings troubles on light loads. 

This is due to the elasticity of the fuel and pipe lines.
Following are the advantages of air injection :

(i) More power is obtained with the same cylinder size. This is possible because 
more fuel can be burned by the additional air available with injection air.

(ii) Combustion takes place at approximately constant pressure as a result of better 
atomisation and penetration of the fuel.

(iii) It is possible to control effectively the rate of admission of the fuel by varying 
the pressure of the injection air.

(iv) Extreme accuracy is not required in the manufacture of the fuel pump.
Following are the disadvantages of air injection:

(i) It is necessary to have a compressor for keeping the air bottles charged, and 
large power is absorbed in driving it (compressor).

(ii) The weight of the machinery is increased and the system is expensive and 
complicated.

The mechanical injection ( or solid injection ), which has become possible due to the 
precise manufacture of fuel injection pump and nozzle, is now widely used and has driven 
out the air injection system from the field.
6.10 Compression-ignition Combustion Chambers

For efficient combustion of a fuel it is necessary that each particle of atmoised fuel
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enijected into the cylinder head shall find the necessaiy amount of heated air to complete 
its combustion. This object can be achieved by mixing thoroughly, by. some means, the 
atomised fuel and air necessary for combustion. This mixing of the fuel particles with air 
is known as turbulence. Turbulence increases the flame velocity and is roughly proportional 
to gas velocity and therefore to the engine speed. It also accelerates chemical action by 
intimate mixing of fuel and oxygen molecules. With proper turbulence, weak mixture can 
be burnt more sa tis facto rily .^

Fuel nozzle -
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Fig. 6-6. Combustion chambers.

A high relative velocity between the air and fuel is necessary to have rapid combustion 
of the fuel. This object is fulfilled in some cases (i) by having combustion chamber so 
designed as to give sufficient turbulence to the air to bring practically all its oxygen into 
the vicinity of the fuel stream from the injection nozzle. The fuel is injected directly into 
the combustion chamber, (ii) by having a separate combustion chamber, known as 
pre-combustion chamber, into which the fuel is injected and, (iii) by having combustion 
chambers with an air cell or energy cell.

The first method is known as open chamber or direct method (fig. 6-6a). The fuel is 
sprayed directly in the combustion chamber at high pressure and velocity, so that it can 
penetrate the mass of compressed air. The fuel distributes itself throughout the air in the 
cylinder. The distribution and mixing of fuel with air is effected chiefly by the fuel injector 
( nozzle ). In some cases the deflector is provided on the inlet valve to give swirl to 
the air during the suction stroke. This gives higher velocity to air, and the swirling air 
sets up a certain amount of turbulence. The rate of pressure rise is moderate and on 
account of this engine runs smoothly. Direct injection makes possible the starting of the 
engine from cold. Open chambers are suitable for moderate and low speed engines.

In the second method, the fuel is injected into an auxiliary or pre-combustion chamber 
(fig. 6-6b ) and not directly into the main combustion chamber. The fuel burns in two 
stages, partly in the pre-combustion chamber and partly in the main combustion space. 
The rise in pressure in the pre-combustion chamber, forces at high velocity the products 
of combustion and the remaining fuel into the main combustion chamber.

40

There is, however, a loss of heat in this type of combustion chamber and since 
combustion virtually is taking place in two stages, the thermal efficiency obtained is not 
the same as is given by the direct injection. It has the advantage that inferior fuels can



be burned at moderate injection pressures. However, starting from cold is more difficult 
than the direct injection type.
6.11 Ignition Methods

The energy of the fuel of I.C. engine is locked up in fuel in the form of chemical 
energy. Some means have to be employed whereby this energy can be released and
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Fig. 6-7. Battery and coil ignition of four cylinder, four-stroke cycle petrol engine.
made available to run the engine. In addition to the fuel for the purpose of combustion, 
two things are necessary -  the oxygen supplied in air and some means for igniting the 
fuel. All petrol and gas engines use electric spark ignition. Diesel engines, on the other 
hand, use the heat of compression alone to ignite the fuel. Before the successful introduction 
of spark ignition, petrol and gas engines used hot-tube ignition.

Electric spark ignition is used practically on all gas and petrol engines. The function 
of an electrical ignition system is to produce high voltage spark and to deliver it to the 
spark plugs at regular intervals and at the correct time with respect to the piston position. 
A high tension voltage of about 15,000 volts is normally required to ignite the mixture or 
air and fuel vapour in the cylinder. The high tension voltage supply is obtained from a 
magneto system or a battery and coil ignition system.

The ignition is performed by the supply of a high voltage of 15,000 volts across the 
electrodes of a spark plug placed in the combustion space of the cylinder. Air and gas 
separate the two electrodes of the spark gap and offer large resistance to the flow of 
electric current. When heavy voltage is applied to the two electrodes of the spark plug 
which are separated by air, the air is subjected to electric strain. The strain increases 
with the increasing voltage till a point is reached when the voltage is sufficient to break 
down the resistance of the air. As soon as the resistance of the air breaks down, the 
high voltage spark jumps across the gap between the two electrodes and ignites the 
air-fuel mixture.

6.11.1 Battery and coil ignition : The ignition circuit for a four-cylinder petrol engine 
working on the four-stroke cycle is shown in fig. 6-7. The primary circuit consists of a 
12 volt battery, ignition switch, primary winding of the coil and contact breaker. The 
secondary circuit consists of the secondary winding of the coil, distributor and four spark 
plugs. The primary winding of the coil consists of a comparatively few turns of coarse 
(thick) wire around the iron core. Around this is wrapped the secondary winding consisting



of a large number of turns of very fine wire. The contact breaker is worked by a contact 
breaker cam fitted on a shaft driven by the engine.

To begin with, the ignition switch is put on and the engine is cranked. When the 
contacts touch, the current flows from the battery through the switch, through the primary 
winding of the induction coil, to the contact breaker points and return to the battery 
through the ground (earth). A condenser is connected across the terminals of the breaker 
points. This prevents excessive arcing at the breaker points and thereby prolongs the life 
of contact breaker points. Immediately after this the moving contact breaker cam break 
opens the contact. The breaking of the primary circuit causes a change of magnetic field 
and thTs induces a very high voltage in the secondary winding coil. The ratio of number 
of turns of secondary to primary has been so adjusted to give a voltage of about 15,000 
volts across secondary terminals. This high tension voltage passes to the distributor and 
thence to the individual spark plugs which are screwed in the cylinder head. The high 
tension voltage is applied across the spark plug gap (approximately 1 mm). Due to high 
voltage, the spark jumps across the spark plug gap causing ignition of fuel-air mixture.

In multi-cylinder engines there being more than one cylinder, a high tension voltage 
has to be applied in turn to various spark plugs. For this purpose the distributor is used. 
The high tension voltage is brought to a rotating terminal (known as rotor arm) which in 
moving, contacts a definite order (i.e., 1-3-4-2) with various points in the distributor i.e. 
(1-3-4-2) as shown in fig. 6-7.

Both the rotor arm and contact breaker get their motion through the same mechanism 
driven by the engine. Every instant when the rotor arm is on one of the contacts, at 
that time the contact breaker cam must break the contact and therefore, the motion of 
the rotor arm has to be synchronized with that of the contact breakers. For this purpose 
the contact breaker mechanism is housed in the body of the distributor. The contact 
breaker cam must have as many projections as there are number of cylinders. The speed 
of the rotor arm and the contact breaker cam must be half the speed of the engine in 
case of four-stroke cycle engines.

From the distributor 4 wires are connected to 4 spark plugs. The induction coil is 
grounded on the high tension circuit and plugs are grounded by mounting them in the 
engine metal. As the spark or current is conducted from the high tension lead of the 
coil to the centre of the distributor and then from any four points of the distributor to 
the plug electrodes, the spark will jump over the air gap at the plug points and return 
through the ground to the coil.

It takes some time after the occurance of the spark for the fuel-air mixture to ignite 
and release heat, so that arrangements must be made for spark to occur before the top 
dead corrtre. Such an operation is called advancing the spark. In variable speed engines, 
the angle turned through by the crank ignition delay period varies with the engine speed, 
and it is, therefore, necessary to have* a device to increase the angle of advance as 
the speed increases. This is usually carried out automatically by a small centrifugal 
governor which "alters the angular position of the cam operating the contact breaker.

In magneto ignition system, the magneto may consist of magnets rotating in fixed 
coils or coils rotating in fixed magnets. In this system, no battery is required.

6.11.2 Compression ignition : The original Diesel engines were heavy and of slow 
speed. The modern high speed and light Diesel engines differ in design so materially 
from the original Diesel engines that the term compression-ignition engine is employed to 
distinguish the modern Diesel units from the old types.
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The compression-ignition (C.l.) engine does not rely upon a spark from an external 
source for ignition but utilises the high temperature produced at the end of the compression

stroke to produce ignition of the 
fuel. The C.l. engine is fed with 
air alone during the suction 
stroke. Consequently absence of 
fuel during compression, enables
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Fig. 6-8. Hot tube ignition.

sion ratio ranging from 12 to 20. 
The higher compression of the 
air results in higher temperature 
at the end of the compression, 
which is sufficient to ignite the 
fuel. The fuel is injected in the 
form of a fine spray into the hot 
air which is compressed to a 
pressure much more higher than 
that in petrol or gas engine.

The C.l. engines are cold 
starting engines but much trouble 
is experienced in starting them 
in cold weather. To overcome

this, some engines are provided with hot tube in the cylinder head, which can be heated 
to warm the combustion chamber of the cylinder, while some engines are fitted with 
electric heated plugs for starting purposes. The heating is not necessary once the engine 
starts and obtains general running temperature conditions.

6.11.3 Hot tube ignition : In this form of ignition, a porcelain tube is provided in
the combustion chamber of the 
engine cylinder as shown in fig.
6-8. Before staring the engine.the 
tube is heated to a red hot by 
a burner or blow lamp. The re-
quired temperature for the igni-
tion of the charge is attained
partly by the heat of the hot

uot by. D

Spray tube. Once the engine is started, 
nozzle tub© Wj|| be kept hot by the 

combustion of the fuel in the 
cylinder. The burner or blow 
lamp, therefore, is not required 
after starting the engine. The 
electric spark ignition was used 

F*g 6 -9 • Hot bult> ignition. on earliest gas engines which
was then replaced by the hot tube. The hot tube ignition is used in gas and light oil
engines.

6.11.4 Hot bulb ignition : In this system a chamber of bulb shape is attached to 
the cylinder head as shown in fig. 6-9. This chamber is unjacketed and is heated by a 
blow lamp before staring the engine. The fuel is injected into the hot combustion chamber 
at the end of the compression stroke and ignition takes place partly due to heat of the 
compressed charge of air and partly due to heat of the hot bulb.



The blow lamp is removed after the engine takes up its speed. The ignition then 
goes on due to the combined effect of compression heat and the heat retained by the 
combustion chamber from the previous cycle. This method of ignition is used in semi-Diesel 
engines, where heavy oils can be successful dealt with. The system is also known as 
surface ignition or hot combustion chamber ignition.

6.11.5 Ignition lag o r Delay period : It is the time taken to heat the fuel particles, 
turn them into vapour, and start combustion after the ignition is begun or initiated. This 
means there is a  time lag between the first ignition of the fuel and the beginning of the 
actual combustion process which also means that there is a time interval in the process 
of chemical reaction which prepares the molecules of the fuel to ignite.

This time interval is found to occur with all fuels. The length of the delay period 
depends upon various factors, such as pressure, temperature, rate of fuel injection and 
the nature of the fuel. The delay period may spread over about 10 degrees movement 
of the crank in case of compression-ignition engines.
6.12 Methods o f Cooling I.C. Engine Cylinders
Very high temperature is developed in the cylinder of an I.C. engine as a result of the combustion 
taking place inside the cylinder. It is, therefore, necessary to carry away some of the heat from 
the cylinder to avoid injury to the metal of the cylinder and piston. If the cylinder is not cooled, 
the seizure (jamming) of piston in the cylinder would occur as a result the piston and its rings 
becoming too hot; also it would not be possible to lubricate the piston since the heat would burn 
any lubricant that may be used. The walls of the cylinder must be cooled so that the charge 
may be compressed without danger of pre-ignition and the temperature must be maintained 
within fairly close limits to achieve the desired compression ratio and therefore, maximum power. 
Too much cooling, on the other hand will reduce the thermal efficiency of the engine and cause 
waste of fuel due to improper vaporization of the fuel. Heat equivalent of about 80 per cent of 
the brake power developed has to be extracted away through the cylinder walls. The object of 
cooling is achieved by the use of any of the methods, namely direct or air cooling, and indirect 
or water cooling.

6.12.1 A ir cooling : This is the simplest method in which the heat is taken away 
by the air flowing over and around the cylinder. In this method, cooling fins are cast on 
the cylinder head and cylinder barrel with the object of providing additional conductive 
and radiating surface as illustrated in fig 6-10. The cooling fins or circumferential flanges 
are arranged so that they are perpendicular to the axis of the cylinder. The current of

air for cooling the fins may be obtained 
either from a fan driven by the engine or 
by movement of the engine itself, as in the 
case of motor cycle engines, automobile 
engines, or aero-plane engines.

6.12.2 Water cooling : In this method, 
the advantage of superior conductive and 
convective properties of water is taken. The 
cylinder is provided with an annular space 
called water jacket ( fig. 6-11) through which 
water is circulated continuously. The water 
jacket should cover the entire length of the 
piston stroke to avoid unequal expansion in 
the cylinder bore and burning of lubrication 
oil. The water space should be wide in large 
cylinders, and cleaning doors should be
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Fig. 6-10. Section of an air-cooled cylinder



Fig. 6-11. Section of a water cooled cylinder. Fig. 6-12.. Gravity or thermo-siphon system of circulation

provided for cleaning water jacket. The life of the cylinder can be increased if the cleaning 
is done at the intervals of four to eight weeks.

There are two methods of obtaining the circulation of water in use, namely gravity 
circulation and forced circulation. Gravity circulation, also called thermo-siphon circulation, 
is based on the fact that when water is heated its density decreases and it tends to 
rise, the colder particles sinking in the place of rising ones. Circulation is obtained if the 
water is heated at one point and cooled at another.

Fig. 6-12 shows the gravity circulation system for a small horizontal engine. Water is 
heated in cylinder jacket j  and flows to the tank t  where it is cooled by radiation, gradually 
descending to the bottom, and flows back to the engine.

Fig. 6-13 shows the gravity circulation (thermo-siphon circulation) as applied to an
automobile engine. To obtain 
proper water circulation, the con-
nection between the engine 
cylinder jacket and the radiator 
should have very small resis-
tance to the water flow and be 
wide, short and have as few 
bends as possible. When the 
temperature difference is small, 
the circulation of water is slow, 
as at light loads. At heavy loads, 
water in jackets may boil. This 
system is used only in small 
engines where simplicity is of 
great importance.

The circulation of water in 
the thermo-siphon system is 
slow. It, is, therefore, necessary

Fig. 6-13. Gravity or thermo-siphon circulation system of automobile engine.tO USe a pump to maintain cir-
culation. of cooling water in large and medium size engines. The pufnp should be of the 
centrifugal type, as it allows the free passing of water through it, if it stops working for 
any reason.



The advantage of forced circulation is the ease of controlling the jacket temperature 
by regulating the opening of the valve between pump and the engine. Fig. 6-14 shows 
a pump circulation system in an automobile engine with a centrifugal pump and automatic 
temperature control by a by-pass with valve operated by a thermostat element.

Water cooling is more effective that air cooling, for the heat conducted away from a 
surface surrounded by water is about one hundred times more than that conducted away 
from a similar surface surrounded by air. But the rate of heat flow depends entirely on 
the motion of air and water. The temperature of water leaving the jacket should be about 
65°C for best economy. Too low a  temperature leads to loss of efficiency and too high 
a temperature interferes with the lubrication of the cylinder.
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In large Diesel and gas engines, it is usual to cool the pistons and exhaust valves
with water to prevent pre-ignition. For this purpose special pipes are provided to circulate
the water through the hollow pistons and exhaust valves.
6.13 Merits and demerits of the Cooling Systems

The advantages of air cooling system are :
(i) Simplicity and lightness of the system,
(ii) Radiator is not required,
(iii) No danger from freezing of water in cold climate,
(iv) Reduction in warming up period,
(v) Unit cylinder construction is used in case of multi-cylinder air-cooled engines

(i.e., separate cylinder block is used for each cylinder). Hence, in multi-cylinder 
air-cooled engine, only damaged cylinder can be replaced while in multi-cylinder 
water cooled engine, whole cylinder block has to be replaced,

(vi) Less influenced by damage. A small hole in radiator or tubing means break
down of working of water-cooled engine while the loss of several fins of air-cooled 
engine, practically can continue its operation. This is very important when used 
for military purpose, and

(vii) Easy maintenance.
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The disadvantages o f air cooling system are :
(i) Air cooling being not so effective as water cooling, the resulting higher working 

temperature of the cylinder limits the compression ratio to a lower value than 
with water cooling.

(ii) The fan, if used for air circulation, absorbs about 5 per cent of the engine 
power.

(iii) The different portions of the cylinder are not unitormally cooled; the front portion 
being cooled more than the rear (back) portion. This results in some degree 
of distortion (twisting out) of shape.

(iv) The lubricating oil of air-cooled engine runs hotter and so an oil cooler may 
be required.

(v) The air-cooled engine is more prone (inclined) to distortion and so running 
clearances have to be increased which gives rise to noisier running. In addition, 
the fins are liable to resonate (give noise) while water cooling (requiring a 
jacket) helps to damp out the noise. Thus, the air-cooled engine is nosier than 
the water cooled engine.

The advantages o f water cooling system are :
(i) Cooling is more efficient and thus higher compression ratio is permitted.
(ii) Uniform cooling is attained.

The disadvantages of water cooling system are :
(i) With thermo-siphon system, large quantity of cooling water is required owning 

to slow rate of circulation.
(ii) Necessary radiator installation and its maintenance is required.
(iii) Water freezing causes trouble in very cold weather.
(iv) Water circulating pump consumes power.

6.14 Methods of Governing I.C. Engines
The purpose of governor is to keep the engine running at a desired speed regardless 

of the changes in the load carried by the engine. If the load on the engine decreases, 
the speed of the engine will begin to increase, if the fuel supply is not decreased. As 
the speed of the engine increases, the centrifugal force on the rotating weights of the 
governor also increases and moves the control sleeve, together with the fuel regulating 
mechanism, in the direction of less fuel supply thereby the speed is brought to the rated 
value. If on the other hand, the load on the engine increases, the engine will begin to 
slow down because the fuel supply is not sufficient for the increased load. As the speed 
of the engine decreases, the centrifugal force on the rotating weights on the governor 
will also decrease and will move the control sleeve, together with the fuel regulating 
mechanism, in the direction of more fuel supply.

The methods of governing I.C. engines are :
(i) Completely cutting-off the fuel ^supply for one or more cycles -  This is called

hit and miss method.
(ii) Varying the supply of fuel to the cylinder per cycle -  This is called quality

method because the ratio of fuel to air or quality of mixture is altered.
(iii) Varying the supply of air as well as the supply of fuel, the ratio of air to fuel

is kept approximately constant so that quality of mixture remains approximately 
constant but quantity of fuel-air mixture supplied to the cylinder in each cycle 
is varied -  This is called quantity method.
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(iv) Combination of the quality and quantity methods -  This is called combination

6.14.1 Hit and miss method o f governing : The system as the name implies consists 
in omitting an explosion occasionally when the speed rises above the mean speed. The 
lesser the load on the engine, the greater is the number of explosions omitted. The usual 
method of missing an explosion is to omit the opening of the gas valve in the case of 
gas engines, and putting the plunger of the fuel oil pump out of action in case of oil 
engines, so that no fuel is admitted and the engine performs an idle stroke.

With hit and miss method of governing, there is a working stroke for every cycle 
under condition of maximum load. At lighter loads, when the speed increases, the governor 
mechanism acts to prevent admission of the charge of fuel occasionally and there is no 
explosion, causing the engine to miss. This loss of power decreases the speed of the 
engine; the governor mechanism opens the inlet valve, an explosion or hit occurs and 
the engine receives the power stroke. With this method of governing, the engine operates 
either under condition of maximum efficiency or does not fire at all. Hit and miss governing 
gives better economy at light loads than other methods. The great disadvantage of this 
method is the absence of turning effort on the crankshaft during the idle cycle, necessitating 
a very heavy flywheel to avoid considerable variation of speed. This method may be 
used for engines which do not require close speed regulation and with small size engines 
of less than 40 brake power.

Fig. 6-15 shows the principle of hit and miss governing as applied to gas engines.
The cam C on the cam shaft lifts the end A of the lever ABD once in two revolutions, 

and the knife edge J opens the gas valve unless the speed is above normal.
When the speed exceeds the normal, the governor weights fly further outwards and 

lift the end F of the lever FGH which moves the knife edge J to the right thus causing 
it to miss the opening of the gas valve. As applied to oil engines the mechanism is 
same, but it is the plunger of the fuel pump, instead of gas valve, which is put out of 
action.

method.

Cylinder body

Fig. 6-15. Hit and miss governing as applied to gas engines. Fig. 6-16. Hit and miss as applied
to oil engines.

Fig. 6-16 shows the principle of hit and miss governing as applied to oil engines.
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The cam on the cam shaft operates the end A of the lever ABE once in two revolutions 
and the pecker piece P strikes the distance piece D hung against the outer end of the 
fuel pump plunger. When the speed of the governor exceeds a certain limit, due to 
reduction in load, the governor raises the distance piece D so that the pecker piece P 
misses it. In this way the fuel pump is put out of action until the speed is reduced 
sufficiently and D drops back in position.

6.14.2 Quality method of governing : As applied to gas engines, the quality governing 
is effected by reducing the quantity of gas supply to the engine. This is done by varying 
the lift of the gas valve. Another simple method is to have a throttle valve operated by 
the governor in the gas passage leading to the admission valve of the gas engine.

As applied to oil engines, the quality governing is effected by varying the amount of 
fuel oil entering the engine cylinder per cycle. This is done by :

(i) Altering the stroke of the fuel pump plunger under the action of the governor and 
so varying the oil supply to suit the load on the engine.

(ii) Having a control valve on the delivery side of 
the fuel pump which opens under the control of the 
governor after a part of delivery stroke has been 
performed. Here, oil is delivered during the first part 
of the delivery stroke and returned to the suction side 
during the remainder part of the delivery stroke.

(iii) Keeping the suction valve of the fuel pump 
held open by levers under the control of the governor, 
during the first part of the delivery stroke. Hence the 
oil is returned to the fuel pump during the first part 
of the delivery stroke and delivered to the injection 
nozzle during the remainder part of the delivery stroke. 
At light loads this suction valve may be kept open for 
almost the whole delivery stroke. This is the general 
practice in Diesel engines. This method is generally 
known as spill method, since the oil is “spilled” (fall) 
back to the fuel pump from oil sump (tank). The general 
principle of the simple spill valve will be understood 
by reference to fig. 6-17.

Oil pipe -•tU
from supply A is a rotating shaft which drives the pump plunger

tanl< P. EG represents a lever which may oscillate about
t t 1 i’k . ... . either E or G. F is a point between E and G, to whichFig. 6-17. Quality governing by spill method . r  . . ( ’

as applied to oil engines. is connected a light spindle with lever L. The end of
the lever L is under the stem of the suction valve S.

The shaft H is under the control of the governor. It will be evident that as F moves up 
under the control of governor, the suction valve will seat (close) late, with the result that 
less of the fuel pump stroke will be effective and a less amount of oil will reach the 
spray nozzle. The fuel pump plunger stroke is generally much longer than is necessary 
to deliver the full amount of oil needed at full engine load.

(iv) By altering the angular position of the helical groove of the fuel pump plunger 
relative to the suction port and thereby varying the effective stroke (part of the stroke 
for which oil is delivered) of the plunger. This is a general practice in modem solid 
injection, compression-ignition, high speed engines.

The principle of governing will be understood with reference to fig. 6-19(a). Fuel oil
flows to the fuel pump under gravity when the fuel pump plunger P uncovers the suction



ports B and C on the downward stroke. The space above the plunger is filled with oil 
at the beginning of the upward stroke. During the first part of the upward or delivery 
stroke, a small quantity of oil is forced back into the suction space, until the plunger 
closes both the suction port holes B and C. From then on, the fuel is put under pressure 
and pump plunger begins to force it through the delivery valve and fuel line into the 
atomiser (Fig. 6-18a).

Feeling pin

Protecting cap
Adjusting 

screw
Spring cap nut
Spring
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( b) Quality governing by varying the effective stroke 
of the plunger as applied to oil engines.

Fig. 6-18.
Delivery begins as soon as the plunger has covered the port holes on the way up and 
ends as the sloping edge E of the helical groove D opens the port hole C (Fig.6-19a) 
on the right hand side and permits the fuel to escape from the pressure space above 
the plunger and the port hole C, to the suction space. The pressure is then relieved and 
the delivery stops. The plunger P is rotated by the rack shown in fig. 6-19(b). The toothed 
rack is moved in or out by the governor. Thus by rotating the plunger, i.e., by altering
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the angular position of the helical groove D of the fuel pump plunger, relative to the 
suction port C, the length of the effective stroke for which oil is delivered is varied and 
hence the amount of fuel delivered to the engines is also varied.

In the two views (starting position) at the left [ fig. 6-18(b) ], the plunger is shown 
in the position for maximum delivery, in which the edge of the helical groove does not

open the port hole on the right hand side at all. The next two views show the position 
of the plunger for medium delivery of fuel (normal load position), and the one at right 
(stop position) shows the position when no fuel is delivered.

In quality governing there being no restriction to the amount of air admitted, the same 
mass of charge is taken into the cylinder; hence pressure reached at the end of the 
compression is the same. Theoretically the thermal efficiency is, however, unchanged 
being dependent on the compression ratio. At light loads, the efficiency generally drops 
because of the difficulty of getting ignition and rapid combustion with weak mixture. Its 
chief, advantage is a mechanical one, where high speeds are used; as at high speed 
the intprlaj Of the reciprocating parts becomes considerable, and unless met by a constant 
compression pressure, the engine does not run smoothly.

Quality governing is chiefly used where the engine is to be worked at or near the 
full load.

(a) Bosch fuel pump plunger.

: ■— Plunger cylinder

(b) Bosch fuel pump assembly-

Fig. 6-19.
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6.14.3 Quantity method of governing : Quantity governing may be accomplished by
varying the amount of mixture entering the cylinder, while the proportion of fuel to air
and number of working cycles are constant.

It is applied to petrol engines by 
having a throttle valve in the pipe leading 
from the carburettor to the engine 
cylinder ( fig. 6-20 ). The automobile 
engine is hand governed by a quantity 
(throttle) control of the charge entering 
the cylinders, the proportion of petrol to
air remaining the same for a given
carburettor adjustment.

It is applied to gas engine in various 
ways. The gas and air supplied may

Fig. 6-20. Quantity governing throttle control as applied to each be throttled by Separate valves in
petrol engines. the gas and air passages leading to

the admission valve or after passing through the mixing valve, the air and gas together 
may be throttled by a single valve just before reaching the admission valve. Another 
method is to regulate the lift of the admission valve. This method of governing is illustrated 
in fig.6-21. The cam on the cam-shaft moves one end of the valve through a fixed
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-  Movable fulcrum

Mixture valve Camshaft 

Fig. 6-21. Quantity governing as applied to gas engines by varying the lift of the admission valve.
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distance, but the distance moved by the other end of the valve lever, which opens the 
admission and gas valve, depends upon the position of the movable fulcrum. The fulcrum 
is not fixed but is moved by the governor through governor levers to a position suitable 
for the load on the engine. Thus, the lift (opening) of the admission valve, suitable for 
the load, is regulated by changing the position of the movable fulcrum.

th e  efficiency of internal combustion engine chiefly depends upon having a high 
compression pressure. The mixture drawn into the cylinder in this system of governing 
(quantity governing) is less than the full charge and the pressure at the end of compression 
is reduced and the efficiency is, therefore, slightly less. An advantage of this system is 
that the mixture being of constant composition, there is little trouble in igniting the mixture 
even with no load. The combustion of the mixture is less rapid at low compression and, 
therefore, the ignition should be a little earlier at light loads. In some engines, the governor 
advances the spark as well reduces the quantity of mixture at light loads. Advancing the 
spark means the ignition takes place when the crank is on the top dead centre. If the 
spark is advanced too far, complete ignition may take place before the crank reaches 
the top dead centre and cause a back explosion.

6.14.4 Combination method of governing : The governing of an engine may be 
obtained by combining two or more of the above methods. For instance, quality or quantity 
governing at high loads has been successfully combined with hit and miss governing at 
low loads. Also quality governing at high loads is used with quantity governing at low 
loads. The latter system is economical and gives close governing.
6.15 Highest Useful Compression Ratio

Compression ratio is the ratio of the volume of the cylinder at the beginning of the 
compression stroke to the volume at the end of the compression stroke, or

Compression ratio r  -  V°*ume swePt by the piston + Clearance volume 
\  Clearance volume

From thermodynamic considerations, it has been found that the ideal thermal efficiency 
(air-standard efficiency) of an engine running on any cycle improves as the compression 
ratio is increased. Fig. 6-22 is a graph showing variation of air-standard efficiency of an 
engine working on the Otto cycle with compression ratio. It is also found that the mean 
effective pressure on the engine piston increases with the increase in compression ratio. 
A higher compression ratio also causes an acceleration in the rate of combustion. The

higher compression ratio can be Obtained 
by reducing the clearance space, that is, 
the combustion space. The smaller the 
volume of the combustion space the less 
amount of exhaust gases it will retain, which 
will result in less dilution of the fresh mixture. 
This means more un'form burning of the 
charge, and more power produced. Higher 
compression ratio produces higher tempera-
ture and pressure, which increases the rate 
of combustion. Hence, higher speed is pos-
sible and weaker mixtures can also be 
burnt.

Compression ratio
6.15.1 Lim iting compression ratio : 

From the above considerations it would
Fig. 6-22. Graph showing variation of air-standard efficiency appear that a higher Compression ratio is 

with compression ratio for Otto cycle engines. available. However, a limit has to be set
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to the higher compression ratio for engines in whose cylinder, mixture of air and fuel gas 
or fuel vapour is compressed together. If the compression pressure is too high, in such 
a case the resulting temperature during compression stroke is also high enough to ignite 
the charge before the end of the compression stroke.

In a petrol engine, mixture of petrol vapour and air is compressed. Higher compres-
sion ratio in a petrol engine will therefore, cause pre-ignition of the charge resulting irr the 
loss of power and possible mechanical damage to the engine. Such a consequence has 
to be avoided by limiting the compression ratio according to the nature of fuel used. The 
safe compression ratio can be higher with the lower percentage of hydrogen in the fuel.

The safe compression ratio for Otto cycle engine can be somewhat raised, by 
spraying a small quantity of water directly into the cylinder during the suction stroke or 
into the vapouriser resulting in lower compression temperature.

As far as pre-ignition is concerned, there can be no limit to the compression ratio in 
Diesel engines, where air alone is compressed. But even with this kind of engine, too 
high value of compression ratio will require very small clearance space. Thus, the value 
of limiting compression ratio in Diesel engines will depend upon minimum mechanical 
clearance necessary between piston and cylinder head for safety consideration.

6.15.2 Pre-ignition : In an engine running on Otto cycle, the combustion during the 
normal working is initiated by an electric spark. The spark is timed to occur at a definite 
point just before the end of the compression stroke. The ignition of the charge should not 
occur before this spark is introduced in the cylinder. If the ignition starts, due to any 
other reason, when the piston is still doing its compression stroke, it is known as pre-
ignition. Pre-ignition will develop excessive pressure before the end of compression 
stroke, tending to push the piston in the direction opposite to which it is moving. This will 
result in loss of power and violent thumping and may stop the engine or do mechanical 
damage to the engine. The pre-ignition may occur on account of higher compression 
ratio, over-heated sparking plug points, or incandescent (glowing with heat) carbon 
deposited on the surface to the cylinder or spark plugs. It may also be due to faulty 
timing of the spark production.

6.15.3 Detonation : Detonation, pinking or knocking is the name given to violent 
waves produced within the cylinder of a.spark ignition engine. The noise produced is like 
that produced by a sharp ringing blow upon the metal of the cylinder.

The region in which the detonation occurs is far away from the spark plug, and is 
known as the detonation zone. After the spark is produced, there is a rise of temperature 
and pressure due to the combustion of the ignited fuel. This rise of temperature and 
pressure both combine to increase the velocity of flame, compressing the unburnt portion 
of the charge of the detonation zone. Finally, the temperature in the detonation zone 
reaches such a high value that chemical reaction occurs at a far greater rate than the 
advancing flame. Before the flame completes its course across the combustion chamber, 
the whole mass of remaining unburnt charge ignites instantaneously without external 
assistance (auto-ignition). This spontaneous ignition of a portion of the charge, sets 
rapidly moving high pressure waves that hit cylinder walls with such violence that the 
cylinder wall gives out a loud pulsating noise, called knocking or pinking. It is this noise, 
that expresses or indicates detonation.

If the detonation wave is violent, it may even break the piston. Its other effect is to 
overheat the spark plug points so as to prepare way for pre-ignition. Detonation'arid pre-
ignition are two distinct phenomena. Pre-ignition occurs before the spark takes place 
while detonation occurs just after the spark.

6.15.4 Volumetric efficiency : The power developed by an I.C. engine depends on
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the mass of mixture of fuel and air or air only which is present in the cylinder at the 
end of suction stroke. The mass of mixture of air present depends upon the breathing 
efficiency of the engine. The breathing (inhaling) efficiency is measured by the volumetric 
efficiency of the engine.

The volumetric efficiency of an I.C. engine is the ratio of the charge taken in (inhaled)
during the suction stroke at normal temperature and pressure to the volume swept by
the piston, or

w . _»• • Volume of fresh charge aspirated per stroke at N.T.P.Volumetric efficiency = ----------------- — ------ a— J '. — r  .---------------------
Volume swept by the piston

In case of petrol and oil engines, the charge aspirated or taken in per stroke should
be replaced by air aspirated per stroke.

In case of gas engines, the charge aspirated per stroke should be replaced by mixture 
of gas and air aspirated per stroke.

This ratio enables comparison of the respiratory performance of an actual engine with 
the ideal engine. An ideal engine is assumed to aspirate and fill completely the swept 
volume with the charge at normal temperature and pressure. The difference between the 
actual charge drawn into the cylinder per stroke and the swept volume is due to the 
reasons stated below :

(i) The suction pressure is less than the atmospheric pressure because of the 
resistance of the inlet valves and passages. Therefore, the mass of charge 
drawn in is less than that if atmospheric pressure were maintained.

(ii) The internal passages and surfaces of the engine being hot, the charge is 
heated as it enters the cylinder. The increase in temperature of the charge, 
reduces mass of charge that enters the cylinder.

(iii) Any gases left in the clearance space of the engine cylinder at the end of the 
exhaust stroke, are at a pressure above atmospheric and they will expand 
during the suction stroke to the intake pressure before the new charge begins 
to enter. The volume of fresh charge taken in during the suction stroke is, 
therefore, reduced.

(iv) The mass of the charge drawn in at high altitudes is decreased below that 
which would be drawn in at sea level, as the pressure of the atmosphere 
decreases with altitude and consequently the density of the atmospheric air 
decreases.

The volumetric efficiency on an I.C. engine also decreases with the increase in engine 
speed. The faster the engine runs, the greater will be throttling of the incoming charge 
through valves and passages, and lower will be the volumetric efficiency.

The volumetric efficiency of I.C. engine under normal conditions should be of the 
order of 70 to 80 per cent.

6.15.5 Supercharging : In an ordinary engine, air-fuel mixture or air only is admitted 
to the cylinder at atmospheric pressure and is known as a naturally aspirated or normally 
aspirated engine. Supercharging is the forcing of the mixture of fuel and air or air only 
to the cylinder during the suction stroke under pressure with the air pump or compressor, 
called supercharger, in order to increase the mass or density of the mixture or air admitted 
to the cylinder. When supercharging is used, the engine is known as supercharged engine.

In a petrol engine, the supercharger is generally so fitted that it draws air from 
atmosphere through the carburettor, compresses the resulting mixture (petrol and air), and 
then delivers it to the cylinder through the induction system (inlet pipe).



Both the spark ignition (S.l.) and compression ignition (C.l.) engines may be supercharged. 
The amount of supercharging that can be used with S.l. engine is limited by the detonation 
of the fuel. In the C.l. engine, on the other hand, supercharging is provided to prevent 
knocking and is limited by the thermal and mechanical stresses and size and power of 
the supercharger.

The object of supercharging is to increase the power output of an engine, it is, 
therefore called boosting. Supercharging is employed in the following cases for :

(i) maintaining the power output of an engine working at high altitudes, such as 
in aero-engines. At high altitude less oxygen is available for combustion of fuel.

(ii) reducing the bulk of the engine to fit into a limited space, such as in marine 
engines (ships).

(iii) reducing the mass of the engine per indicated power developed, such as in 
aero-engines (aeroplanes).

(iv) increasing the existing power of an engir.e when the necessity of increasing its 
power arises.

(v) counteracting the drop in volumetric efficiency which may be due to high altitude, 
as in the case of aero-engines, or due to high speed as in the case of racing 
car engines.

(vi) having better air turbulence (bringing air and fuel in contact quickly), and hence 
more complete combustion, which results in greater power, reduced specific fuel 
consumption, and smooth running of the engine.

Superchargers : The increased air pressure (supercharging) is obtained by using a 
compressor which is known as a supercharger.

The compressor may be a reciprocating compressor, a positive displacement rotary 
compressor (roots blower, vane type blower, etc.) or a non-positive displacement rotary 
compressor (centrifugal compressor). In practice, generally reciprocating compressor is not 
preferred, but roots blower, vane type blower or centrifugal compressor is preferred. The 
supercharger may be driven by the engine through a gear train, belt or chain driven, or 
direct coupling to the shaft of the engine. This absorbs power from the engine. In such 
a case, the engine is known as mechanically supercharged engine. The supercharger 
(centrifugal compressor) may also be driven by an exhaust gas turbine. The set of 
supercharger (compressor and exhaust gas turbine) is known as turbocharger and the 
engine is known as turbocharged engine. Advantage of turbocharged engine is that 
supercharger does not absorb power from the engine itself but some energy of exhaust 
gases (which is, otherwise, going to be wasted) is converted into mechanical energy in
the exhaust gas turbine and is used to drive the supercharger (compressor).
6.16 Thermal Efficiency of I.C. Engines

No engine can convert all the heat energy supplied by fuel to it into work. The 
fraction which is converted, is thermal efficiency of the engine. The basis upon which the 
efficiency is calculated may be indicated power or brake power.

Indicated thermal efficiency : This efficiency is designated by ^ i and is defined as 
the ratio,

Heat equivalent of power produced in the cylinders (indicated power) per unit time
T1/ = ’ Heat supplied to the engine in unit time
The unit of heat and unit of time must be same for the heat equivalent of power

produced and heat supplied to the engine. This is very important.
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Indicated power x 3 ,600 ..(6.1)
"  mt x C.V.

where, mt = mass of fuel oil supplied in kg per hour,
= fuel consumption in litres per hour x specific gravity of fuel, and

C.V. = calorific value of fuel oil in kJ/kg.
In case of gas engine,

. . . . . . .  . „. . Indicated power x 3,600 ...(6.2)
Indicated thermal efficiency, m  = ---------r r ^ — t t t .— —Vg X C.V.

where, Vg = volume of gas supplied in m3 per hour, and 
C.V. = calorific value of gas in kJ/m3,

. Brake thermal efficiency : This efficiency is designated by r\b and is defined as the
ratio,

Heat equivalent of brake power per unit time 
*  Heat supplied to the engine in unit time

Brake power x 3,600 ...(6.3)
mf x C.V.

where, mt = mass of fuel oil supplied in kg per hour, and 
C.V. = calorific value of fuel oil in kJ/kg.
Brake thermal efficiency is also termed as overall efficiency.
Relative efficiency : This efficiency is designated by %  and is defined as the ratio,

r ] i __________ Indicated thermal efficiency________  ...(6.4)
Tjideai " Air-standard efficiency or ideal thermal efficiency
and shows how close the actual engine comes to the theoretically possible performance. 
Relative efficiency (tv) of an engine operation on the constant volume cycle 

Indicated thermal efficiency

i — l -  -
m * - 1 .

Relative efficiency on the basis o f brake thermal efficiency (iv) is defined as the ratio,
rib _ j _________ Brake thermal efficiency__________ . ...(6.5)

rjideal *  Air-standard efficiency or ideal thermal efficiency
Problem -  1 : A four-stroke cycle, four-cylinder, petrol engine has 6-25 cm cylinder 

diameter and 9-5 cm stroke.
On test it develops a torque of 640 N.m when running at 50 r. p. s.. If the clearance 

volume in each cylinder is 63 5 cm3, the brake thermal efficiency ratio based on the 
air-standard cycle is 0-5 and calorific value of petrol is 44,800 kJ/kg, determine the petrol
consumption in litres per hour and the brake mean effective pressure. Take y = 14 for
air aqd specific gravity of petrol as 0-73.

Clearance volume, Vc = 63-5 cm3 (given);

Stroke volume Vs = " i  (? x I = (6-25)2 x 9-5 *  292 cm3

Compression ratio, r  = Vs *  Vc = 292 *  63 5 -  5-58Vc 63*5
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Using eqn. (5.8),



Air-standard efficiency -  1 -  — — - = 1  -----—— = 1 -  —J— = 0-497 or 49-7%
(r)Y '  1 (5-58) 1"

Using eqn. ( 6.5),

Relative efficiency on the basisj _ Brake thermal efficiency 
of brake thermal efficiency = Air-standard efficiency

. q  5 Brake thermal efficiency 
' = 0-497

Brake thermal efficiency, rj/, = 0-5 x 0-497 = 0-2485 or 24-85%
Now, brake power (engine) = T x  2k x  A/= 640 x  2n x  50 -  20,106watts

-  20-106 kW

Brake thermal efficiency, -  Heat equivalentot brake power in k j /sec.

^  X C.V. in kJ/Kg.
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i.e. 0-2485 =

3,600
20-106 x 3,600 

rrif x 44,800

mf “  (>248? x 44GW0 "  6‘ 508 kg/hr (Petr0' consumPtion in kg/hr.)
6*508Petrol consumption in litres per hour = - - -  = 8-915 litres/hour
U* (  o

» I * .• ^ 20-106 . .Brake power per cylinder = — ——  -  b.m.e.p. x a x / x n

(where b.m.e.p. = brake mean effective pressure in kPa, and brake power per cylinde
in kW.

20-106 L n(6-25\2 9-5 50
' — 4 ~  *  b m e p- *  4 ( l0 0  J X 100 X T
b.m.e.p. = ------------20-106 x 4_x_2  = 68gg kRa

4 x j i x (0-0625) x 0-095 x 50
Problem —2 : A gas; engine, working on the four-stroke cycle, uses 15 m of gas

per hour at a temperature of 28 °C and at a pressure of 100 mm of water above the
atmospheric pressure of 720 mm Hg. The gas has calorific value of 19,000 kJ/rr? measured 
at 760 mm Hg and temperature of 0°C (N.T.P). The indicated power is 176 kW and the 
compression ratio is 6 5 to I.Find :

(i) the indicated thermal efficiency, (ii) the ideal thermal efficiency ( y = 1-4J, and
(iii) the relative efficiency of the engine

0) p7 = 720 + = 727-35 mm Hg; V1 = 15 m3 per hour;

7i *  28 + 273 = 301 K;
p2 = 760 mm Hg; T2 = 0 + 273 = 273 K;

Gas consumption (V2) per hour at N.T.P. (at 760 mm Hg and 0°C) is to be determined.

Pi Pz V2 
Now, _ - = -^=—11 i2
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Pi T2 Hr. 727-35 273V2 .  V, * - x  - jr  -  15 X x ^  -  13-02 m /hr.

Heat supplied per hour = 13-02 x 19,000 = 2,47,380 kJ/hr,
Work done per hour = 17-6 x 3,600 = 63,360 kJ/hr.
, x a xl_ , „  . Work done per hour'in kJ
Indicated thermal efficiency = Heat suppliedper hour in k J

63,360 = 0-2561 or 25-61%
2,47,380

(ii) Using eqn. (5.8), Ideal thermal efficiency (air-standard efficiency) 

m 1 -  — 5—r -  1 ------- 1777 -  1 - 0-473 -  0-527 or 52-7%
a  - 1

(iii) Using eqn. ( 6.4), Relative efficiency,
Indicated thermal efficiency 25-61 

m  Ideal thermal efficiency 52-7
Problem -  3  : A trial carried on a four-stroke, single-cylinder gas engine, governed 

by hit and miss method o f governing, gave the following results :
Cylinder diameter, 30 cm; Piston stroke, 50 cm; Clearance volume, 6,750 cni3; 

Explosions per minute, 100, Indicated mean effective pressure, 780 kPa; Net load on the 
brake, 1,900 newtons; Brake diameter, 1-5 m; Rope diameter, 2 5  cm; Speed, 240 r.p.m.; 
Gas used, 30 m3 per hour; Calorific value o f gas, 20,500 kJ/m3 .

Determine : (a) the brake power, (b) the indicated power, (c) the mechanical efficiency, 
(d) the indicated thermal efficiency, (e) the compression ratio, (f) the air-standard efficiency,
(g) the relative efficiency, and (h) the brake mean effective pressure. Take
7 = 1 • 4 for air

(a) Effective radius of brake, R *  ~  ^  = 0-7625 metre

Brake power = (W -  S) x 2j i R x N watts

= 1,900 x 2 x 3-14 x 0-7625 x = ~60
= 36,416 watts = 3 6 - 4 1 6  kW.

(b) Indicated power = pm x a x I x n watts

3. jt / 30 \2 50 100-  (780 x 10 ) x -  x j  x —  x ^  

m 45,922 watts = 45 922 kW.

(c) Mechanical efficiency = , = 0-7929 or 79-29%1 Indicated power 45-922

(d) Indicated thermal efficiency -  ^ e q u iv a le n t ot Indicated power in KJ per sec.

3600 X C V' in kJ/SeC'
45-922 x 3,600 = 0-2688 or 26-88%OU x zu.suu

\A  _i_ tA
(e) Compression ratio,r =

30 x 20,500
+ Vc 
Vc
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^ » ~ x c ^ x / - ~ x  (30)2 x 50 -  35,350 cm3 ; vc -  6,750 cm3 (given).

r  -
Vs +  Vc

vc
35,350 + 6,750 

6,750

(1) Air standard efficiency -  1 -

m 6 237 

1

(0Y
-  1 1 -

1
(6-237)'0-4 1 - 208 0-52 or 52%

/_x    Indicated thermal efficiency 0-2688  „(g) Relative efficiency -  — —— -— - -  .--------L -  -  0-517 or 51.7%
1 Air-standard efficiency 0-52

(h) Brake mean effective pressure ( b.m.e.p. )

= Indicated mean effective x Mechanical 
efficiency

= 780 x 0-7929 = 618.45 kPa
Problem - 4  : A Diesel engine has a 

compression ratio o f 14 : 1 and the fuel is 
cut-off at 008 of the stroke. If the relative 
efficiency is 052, estimate the consumption 
of fuel in litre of calorific value 44,000 kJ/kg 
which would be required per kW-hour based 
on indicated power. Take the specific gravity 
of fuel as 082 and *y = 14 for air.

Referring to fig. 6-23,
V3 -  V2 = 0 08 ( V1 -  V2 )
= 0 08 ( 14 V2  -  V2  ) = 1-04 v2

V3 ■ 2 04 vz

.-. Cut-offratio, p =* — = 1- ■ -  204K vz vz

and compression ratio, r  -  — *  14 (given).

Using eqn. ( 5.12), Air-standard efficiency

1 -
1

A.S.E.

(.P)y -  1
y(p  -  1)

1 (2-04)1’4 -  1 1 -  0-408 -  0-592 or 59-2%
(14)1 "4 " 1 14(2-4 -1 )

Indicated thermal efficiency = Air-standard efficiency x Relative efficiency 
~V .  0-592 x  0-52 -  0-307 or 30-7%

Indicated thermal efficiency
Heat equivalent of indicated power in kJ/sec.

Mf x C.V.in kJ/sec.

i.e., 0-307 - 1
Mf

x C.V.

Mf

3,600 
1 x  3,600 

0-307 x  44,000

3,600

(Taking indicated power as 1 Kw) 

0-2665 kg per kW-hr.



Fuel consumption in litre per kW-hr based on indicated power
0*2665 _ ___ ... „ . . . .

*  o»o = 0*325 litre/kW -hr.0*82
Problem - 5  : A single-acting, four -  stroke Diesel engine develops 37 kW at 210 

r.p.m. The mean effective pressure is 740 kPa, compression ratio is 15, fuel is cut-off 
at 5% of stroke, calorific value o f fuel is 43,000 kJ/kg, relative efficiency is 55%. Calculate:
(a) the cylinder diameter, if  stroke to bore ratio is 15, (b) the indicated thermal efficiency, 
and (c) the fuel consumption in litres/hr. Take y = 14 for air and specific gravity o f fuel 
as 0-82.

(a) Indicated power = pm x a x I x N kW (where pm is in kPa)

/ H ‘ 2
i.e. 37 -  740 x 0*7854 x
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1*5 d 210 
x — —  xJOOj 100 60 X 2

.-. d3 = 24,253*8

Cylinder diameter, d = ^24,253-8 = 28*95 cm
\A

(b) Referring to fig. 6-23, compression ratio, r  -  — - 1 5  .*. v\ -  15v^
vz

Now, stroke volume, vs = vi - V2  = 15 V2  - v2 = 14 v2
' 5 
100va = 5% of stroke volume + clearance volume = f - ^ r  x 14 + vz -  1*7 vz

Cut-off ratio, p = — = 1 7 ^  = 1-7 
Vz V2

Using eqn. (5.12), Air-standard efficiency = 1 -  1
(/)Y_1

1*4

(15)°4 *  1 -4 (17"- 1)
= 1 -  0*3895 = 0*6105 or 61*05%

(P)Y -  1

1 1 (1*7) -  11 -  ------ —  x ——  ------------

.. .  AS _ . .. . Indicated thermal efficiencyUsing eqn. (6.4), Relative efficiency, rir = — ^ ^ —— .--------L
J ' Air-standard efficiency

. Q55 indicated thermal efficiency
’ “  0-6105
Indicated thermal efficiency = 0*55 x 0*6105 = 0*3358 or 33-58%

(c) Indicated thermal efficiency .  Heat equivalent of indicated power in kJ/sec.

^  rx C.V. in kJ/sec.

i.e., 0*3358

3,600
37 x 3,600
mi  x 43,000

„  37 x 3,600 floor- i /u
f 0*3358 x 43,000 -  ^

-  9-225/. Fuel consumption = - -  - n- = 11*25 litres/hour

Problem -  6 : A Diesel engine has a relative efficiency of 055 on the brake. If the 
compression ratio is 13-8, the expansion ratio is 7-4 and the calorific value of fuel oil is



44,000 kJ/kg, calculate the fuel oil consumption in litre per kW-hour based on brake 
power. Take y = 14 for air and specific gravity of fuel oil as 0-81.

Compression ratio, r = 13*8; Cut-off ratio, p = P°mPre?s*onratio 1?  ̂ 1-864
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Expansion ratio 7-4

Air-standard efficiency = 1 -

=  1 -

(4 1
(P )Y -  1
Y ( p -  1)

1 (1-864)1 4 -  1 
1-4(1- 864 -  1 )(13- 8) 

1

1 - 4 - 1

* 1 -  2 i6  * i f !  0-8M * °'598 0r59'8%
. . .  It} . . . Brake thermal efficiencyUsing eqn. (6.5), Relative efficiency on brake = - r -.— -— -—-  - ■ . L

Air-standard efficiency
n Brake thermal efficiency 

I e- = 0-598
.-. Brake thermal efficiency, = 0-55 x 0-598 = 0-33 or 33%
_ . -  , „. . Heat equivalent of brake power in kJ/sec.Brake thermal efficiency, ri», = ---------3——----------------- c---------------------

Mf
x C.V. in kJ/sec.

i.e., 0-33 =
1

Mf
3,600 

1 x 3,600 
0-33 x 44,000

3,600

— (Taking brake power as 1 kW} 
x 44,000

= 0-2479 kg/kW-hour based on brake power

0-2479.-. Fuel oil consumption = = 0-3061 litre/kW-hour based on brake power
0*81

Problem - 7  : A four-cylinder, four-stroke petrol engine is to be designed to develop 
indicated power of 40 kW at 50 r.p.s. The bore and stroke are to be equal, the compression

ratio Is to be 5 and the law of compression
, 4 .pg

P and expansion may be taken as pv =
C. Assuming the suction pressure and 
temperature to be 100 kPa and 100°C 
respectively, and that on ignition the cyl-
inder pressure rises instantaneously to 3-5 
times the compression pressure, calculate 
the diameter of cylinder.
Referring to fig. 6-24,
p i = 100 kPa,
P3 = 3-5 p2, and r = 5.
Let clearance volume = V2,
then vi = V4 = 5 V2 and V2 = v j.1
Considering polytropic comprd^slbH f-2,

d  Iv  \n •
^  = [—L | = (rtn = (5)1 28 = 7-847
Pi



p2 = p1 x 7-847

-  100 X 7-847 *  784-7 kPa. 
p3

Now, —  -  3-5 (given ) i.e„ p3 -  p2 x 3  5 

p3 •  784-7 x 3-5 = 2,746-45 kPa

,V^  = ( i)n *  (5)1'28 -  7-847
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P3Considering polytropic expansion 3 - 4 , —  -
Pa

P3  2,746-45 .
P« *  7 W  T 8 4 7 -  ‘

Work done per cycle = area 1 -2-3-4
= area under ( 3 - 4 .) minus area under ( 2 - 1 )

P3  v3 " P4 v4 Pz vz ~ Pi
n -  1 n -  1
2,746-45 x 1 -  350 x 5 784-7 x 1 -  100 x 5

1-28 -  1 1-28 -  1 
= 2,542 v2 kJ

IYI ^  p _ Area of the diagram \
Length of the diagram 
Work done per cycle in kJ 

v1 -  v2 in m3

2 ,542vP
-  —  -----  = 635-5 kPa

2
40Indicated power per cylinder = —  « 10 kW

But indicated power = pm x  a x  I x  n watts

i.e., (10  x 103) .  (635-5 x 10>) x i ( ^ ) 2 x ^  x f

. #  .  10 X  103 X  4 (10)4 X  102 X  2 _ 002^
103 x 635-5 x 3-14 x 50

Diameter of cylinder, d = ^802-1 = 9-292 cm.
Problem -  8 : A Diesel engine working on four-stroke cycle has a bore of 30 cm

and stroke 40 cm and runs at 5 r.p.s. If the compression ratio is 14 and cut-off takes
place at 5% of the stroke, estimate the mean effective pressure of the cycle and indicated 
power o f the engine.

Assume compression index as 14 and expansion index as 13. The pressure at the 
beginning o f compression is 100 kPa.

Referring to fig. 6-25, let clearance volume = V2 , then v/ = 14 vz -  va

Again, vz = vz + (vi -  vz)
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5

=* V!2 + J q q  x 131/2 -  1-65VS 

Considering polytropic compression 1*2,

s  ■ ( f  • «

P2 = Pi x (l)n
= 100 x (14)1'4 -  4,023 kPa 

■r P3 -  Pi -  4,023 kPa

Considering polytropic expansion 3-4,

P4 P3

Fig. 6-25.

4,023

P3
p4 V3

14U2 \ 
1 *65vs I

1-3
(8-47)1-3 16-12

249-6 kPa16-12 16-12 
Work done per cycle = area 1-2-3-4
= area under ( 2-3 ) + area under ( 3-4 ) minus area under (2-1 )

P3 Ifr -  P4 V4 p2 VS "  P i VIP2(V3 -  V )̂ +
n

V2 4,023(1-65 -  1) +

.1 n -  1
4,023 x 1-65 -  249-6 x 14 4,023 x 1 -  100 x 14

1-4 - 11-3 -  1
= V2 [ 2,615 + 10,478-7 -  6,557-5 ] = 6,536-2 V2 kJ
. . .  u r n  Area of the diagram Work per cycle in kJ . _Using eqn. (5-18) M.E.P. -  -—  *-----  = -f^ — 1—r  kPa

Indicated power

Length of the diagram ~~  ̂v i -  V2

(where v i -  V2 is displacement volume in m )
6,536-2 vz—  = 502-78 kPa13V2
Pm x a x I x n kW

x  „>2 ~ 5

)

-  502-78 X  ^  (0-3r x 0-4 X  |  = 35 54 kW

Problem -  9 : The following data relate to a twin-cylinder, four-stroke, Diesel engine 
working on the constant pressure cycle :

Ratio of compression ... 15
Ratio of expansion ... 8
Speed ... 5 r.p.s.
Efficiency ratio or relative efficiency ... 0.6
Consumption of fuel oil per minute ... 0.43 litre
Specific gravity of fuel oil ... 0.81
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Calorific value o f fuel oil 
Diameter o f cylinder 
Piston stroke 
Y for air

163
... 42,000 kJ/kg 
... 30 cm 
... 45 cm 
... 1.4

Find : (a) the indicated power of the engine, and (b) the indicated mean effective 
pressure.

(a) Cut-off ratio, p -  Compression ratio «  _
'  '  Expansion ratio 8

Air-standard efficiency, 1 -

=  1 -

1 -

1

1

(P)Y -  1

(15)'
1

0-4

Y (P -  1)

(1-875)1 4 -  1
1-4(1 -875 -  1)

2-41 -  1
0-611 or 61-1%2-96 1-4 x 0-875

Indicated thermal efficiency = Air-standard efficiency x Relative efficiency
= 0.611 X 0-6 = 0-367 or 36-7%

.  . . .. _  . „  . Indicated power x 3,600ndicated thermal efficiency = ------------- ——---------- ’■-----
1 mf x C-V-

n _ Indicated power x 3,600 
i.e., 0-367 -  Q̂43 ^ 0 81  ̂ x qq x 42 000

, t . . 0-367 x (0-43 x 0-81) x 60 x 42,000 . . . .Indicated power of engine =  *----------—— ^------------------'■-------= 89 23 kW
3,600

89*23(b) Indicated power per cylinder = —- — = 44-615 kW

Indicated power (per cylinder) = pm x a x I x n
,2

I.e., 44-615 = Pnt x —

:. Indicated mean effective pressure, pm

l i t  30 \  
4 ^ 100 J

45 5e ——- x — 100 2
44-615 x 2   = 561-22 kPa

0-7854 x (0-3)* x 0-45 x 5
Problem -  10 : From the following data determine the cylinder diameter and stroke 

of piston of a four-cylinder, four-stroke Otto cycle engine :
Brake power ... 15 kW
Mechanical efficiency ... 80%
Suction pressure ... 94 kPa
Maximum explosion pressure ... 2,400 kPa
Ratio of compression ... 5
Index o f compression curve ... 1.35
Index of expansion curve ... 1.3
Speed ... 1,000 r.p.m.
Stroke : Bore ... 1.4 : 1

Referring to fig. 6-26, 
12
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Vf m 5 V2  $ V2  m V3 ; V4 m 5 V2  | p i m 94 kPa ; p3 = 2,400 kPa

Considering polytropic compression (1-2), ^  -  | ~ j

pz = pi x (i)n = 94 x (5)1 35 = 826 kPa

Considering polytropic expansion ( 3-4 ), 5  N

p4 = -  296 kPa
v * /

(0r

-  (O'

[where 1-35]

[where n = -1-3]

(r)n (5)1 3
Work done per cycle = area 1-2-3-4 = area under (3-4) minus area under (2-1)

P3 V3 -  p4 VA PZVZ -  Pi V1

-

= H2

n - 1 n - 1
[2,400 x 1 -  296 x 5 826 x 1 -  94 x 5

1-3 -  1 1-35 -  1

3,066- 7 - 1,017-1 ] = vz 2,049- 6 kJ

Using eqn. ( 5-18 ),
^  ^  p _ Area of the diagram 

Length of the diagram 
Work done per cycle in kJ

“  o KPS
( V1 -  v2\ m

2,049-6 vz
4 Vz

= 512-4 kPa

Mechanical efficiency = ,7 Indicated power
Indicated power of engine

Fig. 6-26.
18-75Indicated power per cylinder = ——— kW 

Indicated power/cylinder = pmx a x / x n

-  f t  -  18 75 kW0-8

18-75 ................ ........  ( d  T  1-4 d 1,000I.e. —  = 512-4 x 0-7854 x [— ] x —  x

A d3 =

v100J
18-75 x 60 x 2 x 104 x 100 = 998-4

4 x 512-4 x 0-7854 x 1-4 x 1,000 

.-. Diameter of cylinder, d = ^998-4 = 10 cm 

.-. Piston stroke, / = 1-4 d = 10 x 14 = 14 cm
Problem — 11 : A single-cylinder, four-stroke oil engine working on the dual-combustion 

cycle has a cylinder diameter of 20 cm and a stroke of 40 cm. The compression ratio 
is 13-5 and the pressure ratio is 1-42. From the indicator diagram it was found that cut-off
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occured at 5-1 per cent of the stroke. If the relative efficiency js  0 6  and the calorific 
value o f fuel oil is 42,000 kJ/kg and the fuel oil consumption is 5 kg/hour, calculate the 
indicated power of the engine, if it runs at 7 r.p.s. Also calculate the indicated mean 
effective pressure. Take y - 14 for air.

Stroke volume, vrs = ^ x a f 2 x /  = ^ x  (20)2 x 40 = 12,560 cm3

vc *  vsCompression ratio, r  = ----------  ( where v is clearance volume )

i.e. 13-5 =
vc + 12,560

vc = 1,005 cm

Cut-off ratio, p =
vc + 0051 vs 1,005 + 0051 x 12,560 

1,005 = 1-64

Pressure ratio, p = 1-42 ( given ); r =13 *5 
Using eqn. (5.14), Air-standard efficiency (A.S.E.)

=  1 -

=  1 -

=  1 -

1 p(p)r - 1
(P -  1) + Py (p -  1)

O3- 5) 
1

0-4

1-42( 1 .6 4 ) " -  1

2- 832

f  1-42 -  1 ) + 1-42 x 1-4(1-64 -  1 ) 

2 - 84 -  1
0-42 + 1-272

58%= 1 -  0-3842 = 0-6158 or 61
Indicated thermal efficiency = Air standard efficiency x Relative efficiency

= 0-6158 x 0-6 = 0-3695 or 36-95%
Indicated power x 3 ,600 

rrif x C.V.
Indicated power x 3,600 

5 x 42,000

Indicated thermal efficiency = 

i.e., 0-3695 =

. j- * 0-3695 x 5 x 42,600.-. Indicated power = ----------- _     = 21-56 kWOjbvJU
Now, indicated power = pmx a x I x n kW

i.e., 21-56 = pm x 0-7854 x (0-2)2 x 0-4 x |

Pm ~
21-56 x 2 = 490 2 kPa.

0-7854 x (0-2r x 0-4 x 7
Tutorial - 6

1. Delete the phrase which is not applicable in the following statements :
(i) A petrol engine works on Otto cycle/Diesel cycle.
(ii) A two-stroke cycle I.C. engine completes its cycle in one revolution/two revolutions of the crank shaft.
(iii) A four-stroke cycle I.C. engine completes its cycle in one revolution/two revolutions of the crank shaft.
(iv) A carburettor is used in petrol/Diesel engine.
(v) During idling the S.l. (spark ignition) engine needs weak/rich mixture.



(vi) During starting the S.I. engine needs weak/rich mixture.
(vii) In a Diesel/petrol engine, the charge during suction stroke consists of air only.
(viii) Diesel engine employs quantity/quality method of governing.
(ix) Petrol engine employs quantity/quality method of governing.
(x) Modem Diesel engines employ air injection/solid injection method of fuel injection.
(xi) Air cooling is more/less effective than water cooling.
(xii) In a Diesel engine, the fuel is ignited by spark/heat of compressed air.
(xiii) The volumetric efficiency of an I.C. engine decreases/increases with the increase in engine speed.

[ Delete : (<) Diesel cycle, (ii) two revolutions, (iii) *one 
revolution, (iv) Diesel, (v) weak, (vi) weak, (vii) petrol,
(viii) quantity, (ix) quality, (x) air injection, (xi) more, (xii) 
spark, (xiii) increases ]

2. Fill in the blanks to complete the following statements :
(i) The efficiency of a two-stroke cycle engine is ________ than lhat of a four-stroke cycle I.C. engine.
(ii) The compression ratio of a Diesel engine is ________  than that of a petrol engine.
(iii) Diesel engine are also known as ________ engines.
(iv) Petrol engines are also known as ________ engines.
(v) The air-fuel ratio for a chemically correct mixture is about ________.
(vi) The process of sweeping out exhaust gases from the combustion chamber of the cylinder is known 

as ________ .
(vii) The process of adding certain chemical to the fuel for suppressing detonation is known as ________

and the chemicals added are called ________.
(viii) For engines of motor cycles, scooters and mopeds, the cooling system employed is ________ .
(ix) Hit and miss method of governing is used for small size ________ engines.
(x) In petrol engine if the ignition starts, due to any reason other than spark, when the piston is still

doing its compression stroke, the ignition is known as ________.
(xi) ' Octane number refers t o _________ property of Otto engine fuels.
(xii) Cetane number refers to ________  of Diesel fuels and is a measure of the Diesel knocking tendency.
(xiii) Diesel knock is caused by too long a ________ between the initial injection of fuel and the commencement

of burning of the fuel.
(xiv) As compared to petrol engines, Diesel engines are ________ suitable for supercharging.

( (i) less, (ii) more, (iii) compression - ignition, (iv) 
spark ignition, (v) 15, (vi) scavenging, (vii) doping, 
dopes, (viii) air cooling, (ix) gas and oil, (x) pre-ignition,
(xi) anti-knocking, (xii) ignition quality, (xiii) delay period,
(xiv) more ]

3. Indicate the correct answer by selecting the proper phrase to complete the following statements :
(i) The firing order in a four-cylinder petrol engine is 

(a) 1-2-3-4, (b) 1 -3-4-2, (c) 1-2-4-3, (d) 1-4-3-2.
(ii) In a Diesel engine the fuel is injected

(a) during the suction stroke,
(b) at the start of compression stroke,
(c) at the end of compression stroke,
(d) some degrees before the end of compression stroke,
(e) at the end of expansion stroke.

(iii) In a petrol engine the pressure at the end of compression is of the order of
(a) 35 to 45 bar (b) 25 to 35 bar, (c) 14 to 25 bar, (d) 7 to 14 bar.

(iv) The firing order of a six-cylinder I.C. engine is
(a) 1-5-3-6-2-4, (b) 6-5-4-1-2-3, (c) 1-2-3-4-5-6, (d) 1-5-2-4-3-6.

(v) Method of governing employed in a compresslon-ignition engine is
(a) hit and miss, (b) quality, (c) quantity, (d) combination of quantity and quality.

(vi) In S.I. (spark ignition) engines the secondary winding of the ignition coil generates a voltage of
(a) 1,000 to 5,000 volts, (b) 5,000 to 9,000 volts, (c) 9,000 to 12,000 volts, (d) 12,000 to 20,000 
volts.
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(vii) The maximum temperature in the I.C. engine cylinder is of the order of
(a) 2,000 to 2,500*C, (b) 1,500 to 2,000*C, (c)1,000 to 1,500*C, (d) 500 to 1,000*C.

(viii) The sysjpm of lubrication employed in a crankcase scavenged two-stroke cycle petrol engine is :
(a) splash lubrication, (b) petrol or mist lubrication, (c) pressure lubrication,
(d) combined splash and pressure lubrication.

(ix) Pre-ignition in an Otto cycle engine
(a) increases efficiency, (b) increases power, (c) causes reduced- efficiency and less power,
(d) increases efficiency and power, (e) decreases efficiency and increases power.

(x) A reduction in the ignition delay period
(a) reduces diesel knock, (b) increases diesel knock, (c) results in incomplete combustion,
(d) causes reduced efficiency and loss of power.

(xi) The speed of the cam shaft of a four-stroke cycle I.C. engine running at 4,000 r.p.m. is 
(a) 1,000 r.p.m., (b) 2,000 r.p.m., (c) 3,000 r.p.m., (d) 4,000 r.p.m.

(xii) The Morse test gives
(a) brake thermal efficiency of a multi-cylinder I.C. engine,
(b) mechanical efficiency of a multi-cylinder I.C. engine.
(c) B.S.F.C. (brake specific fuel consumption ) of a multi-cylinder I.C. engine,
(d) air-fuel ratio of a multi-cylinder I.C. engine.

(xiii) Compression ratio for a petrol engine, without use of dope is usually 
(a) 5, (b) 10, (c) 15, (d) 20.

(xiv) In a petrol engine, maximum efficiency occurs when air-fuel ratio is
(a) chemically correct,
(b) lower than that required for complete combustion,
(c) higher than that required for complete combustion,
(d) none of the above.

(xv) A petrol engine, gives maximum power when air-fuel ratio is
(a) chemically correct,
(b) lower than that required for complete combustion.
(c) higher than that required for complete combustion.
(d) none of the above.

[ (0 b, (ii) d, (iii) d, (iv) a, (v) b, (vi) d, (vii) a, (viii) b,
(ix) c, (x) a, (xi) b, (xii) b, (xiii) a, (xiv) c, (xv) b J.

4. Explain briefly the cycle of operation of (i) a four-stroke cycle petrol engine, and (ii) a four-stroke cycle 
Diesel engine. Draw indicator and valve timing diagrams for each case.

5. Sketch a typical valve timing diagram of a four-stroke cycle high-speed Diesel engine.
6. Describe, with the help of. a net sketch, two-stroke cycle Diesel engine. Sketch the indicator diagram of 

such an engine, and discuss the advantages and disadvantages of the two-stroke cycle, compared with the 
four-stroke cycle operations.

7. Describe, with a neat sketch, the working of a two-stroke cycle petrol engine, giving probable indicator and
valve timing diagrams.

8. Describe briefly the principal method adopted for charging and exhausting cylinders of two-stroke cycle 
engines.

9. What are the most common methods of governing the speed of small size gas engines ? Illustrate your
answer by means of sketches.

10. (a) Describe briefly, with the help of sketches, the different methods of governing employed in internal
combustion engines.

(b) Describe briefly, with'*a neat sketch, any one type of quality governing as applied to oil engines.
(c) Differentiate clearly between the quality and the quantity governing as applied to I.C. engines.

11. (a) Describe with sketches any one type of fuel pump for a high speed compression-ignition engine,
explaining carefully how the amount of oil is adjusted according to the load.

(b) Sketch and describe a fuel valve working on the solid injection system.
12. Compare from every aspect, solid injection with air injection as a means of supplying the fuel to 

compression-ignition engines.
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If one method is superior to the other, why is it not in general use ?
13. Enumerate the essential function of a carburettor. Explain briefly, giving suitable sketches, the working of

any one type of carburettor. Show clearly the cievices incorporated in K for *
(i) smooth running when idling,
(ii) ensuring correct mixture strength at all loads and speeds of the engine, and
(iii) supplying large quantity of rieh mixture during the accelerating period.

14. Describe in detail the ignitjon system used in multi-cylinder petrol engines.
15. (a) Describe briefly the various methods of ignition used in internal combustion engines.

(b) Give a wiring diagram for battery ignition system. Explain briefly the function of a condenser in the 
system.

• 16. Write short notes on the following giving neat sketches wherever necessary :
(0 Air cooling versus water cooling for I.C. engines.
(ii) Scavenging of two-stroke cycle I.C. engines.
(iii) Factors affecting volumetric efficiency of I.C. engines.
(iv) Methods of ignition used in a multi-cylinder petrol engines.
(v) Quantity governing applied to gas engine.
(vi) Supercharging of I.C. engines.
(vii) Methods of fuel injection employed in Diesel engines and their relative merits and demerits.

17. Describe briefly with the aid of sketches the following :
(i) Any one method of governing employed in I.C. engines.
(ii) Any one method of fuel injection for compression-ignition engines.
(iii) Cooling system of motor car engines.
(iv) Methods of scavenging employed in two-stroke engines.
(v) Fuel injection pump of Diesel engine.
(vi) Any one system of ignition used in Otto cycle engines.

18. Write short notes on the following : (i) Carburettor; (ii) Methods of cooling I.C. engines; (iii) Methods of
fuel injection in a Diesel engine; (iv) Methods of governing used in I.C. engines; (v) Methods of ignition
used in I.C. engines.

19. Sketch and explain any fuel mixing or fuel injecting device used in I.C. engines.
20. Compare an engine working on Otto cycle with an engine working on Diesel cycle from the following po

of view : (i) Fuel, (ii) Working cycle, (iii) Method of fuel injection, (iv) Method of fuel ignition, (v) Speed,
(vi) Method of governing.

21. What do you understand by the terms ’detonation* and ‘pre-ignition* as applied to internal combustion 
engines ?

22. A trial carried out on a four-stroke cycle, single-cylinder gas engine gave the following results :
Cylinder diameter, 30 cm; piston stroke, 53 cm; clearance volume, 9,200 cm3, explosions per minute,

110; indicated mean effective pressure, 700 kPa; gas used, 28 m3 per hour; calorific value of gas, 19,000
kJ/m3,

Determine : (a) the compression ratio,, (b) the indicated thermal efficiency, (c) the air-standard efficiency 
(assume y = 1 -4  for air), and (d) the relative efficiency.

[ (a) r = 5; (b) T)f = 31-92%; (c) A.S.E. = 47-5%; (d) r\, = 67-2% ]
23. A single-cylinder, four-stroke oil engine working on Otto cycle has bore of 18 cm and stroke of 36 cm.

The clearance volume is 1,800 m
During a test the fuel oil consumption was 4-5 litres per hour; the engine speed 300 r.p.m.; the indicator 
diagram area 4-25 cm2; length of indicator diagram 6-25 cm; and indicator spring rating 1,000 kPa per cm.
If the fuel oil has a calorific value of 43,500 kJ/kg and specific gravity of 0-8, calculate : (0 the indicated 
thermal efficiency, (ii) the air-standard efficiency, and (iii) the relative efficiency. Take y = 1-4 for air.

V { (i) r\i = 35-8% ; (ii) A.S.E. = 51-46% ; (iii) t|, = 69-57% )
24. A petrol engine working on Otto cycle has clearance volume of 20% of the stroke volume. The engine fj

consumes 8-25 litres of petrol per hour when developing indicated power of 24 kW. The specific gravity of 4
petrol is 0-76 and its calorific value is 44,000 kJ/kg. Determine (i) the indicated thermal efficiency, (ii) the 1  
air-standard efficiency, and (iii) the relative efficiency of the engine. Take y = 1-4 for air.

[ (i) ti/ = 31-32%; (iij A.S.E. = 51-15%; (iii) r\i = 61-239fc J »!
•>5 . The following particulars refer to a petrol engine working on four-stroke, Otto cycle principle :  J j

• V
v  J

168 Elements of Heat Engines Vol. II

*  i



Diameter of the cylinder 75  cm; stroke 9 cm; clearance volume 81 cm3; indicated power developed 21
kW; specific gravity of petrol 0-76; calorific value of petrol 44,000 kJ/kg. Calculate : (a) the air-standard
efficiency, and (b) the petrol consumption in litres/hour, if the relative efficiency of the engine is 65%. Take
Y = 1-4 for air.

[ (a) A.S.E. = 5088%; (b) 6-836 litres/hour ]
26. A six cylinder, four-stroke cycle, petrol engine is to be designed to produce brake power of 320 kW at 40 

r.p.s. The stroke to bore ratio is to be 1-25 to 1. Assuming a mechanical efficiency of 80% and indicated 
mean effective pressure of 950 kPa, determine the required cylinder bore and stroke.

If the compression ratio of the engine is to be 6-5, determine the petrol consumption in litres per hour 
and petrol consumption in litre per kW-hr based on brake power. Take the relative efficiency as 0-55 and 
calorific value of petrol as 44,000 kJ/kg. Take specific gravity of petrol as 0-76, and y = 1-4 for air.

[ d = 15-3 cm; I = 19-125 cm; 148-5 litres/hour; 0-3711 litre/kW-hr. J
27. A Diesel engine has a relative efficiency of 0-58 on the brake. If the compression ratio is 14 and the 

expansion ratio is 7 and the calorific value of oil is 44,000 kJ/kg, find : (i) the air-standard efficiency, (ii) 
the brake thermal efficiency, and (iii) the consumption of oil in litre per kW-hour on brake power basis. 
Take y = 1-4 for air and specific gravity of oil as 0-8.

I (i) 59-3%; 00 34-4%; (iii) 0-2973 litre/kW-hr. )
28. A gas engine of 25 cm bore, 45 cm stroke, has a compression ratio of 4-5. At the beginning of compression 

the charge in the cylinder is at 100 kPa. The law of compression is pv = constant, and the law of 
expansion is pv1 = constant. If the pressure is trebled during constant volume explosion, find the mean 
effective pressure on the piston and the indicated poyver developed, if the engine makes 85 explosions per 
minute.

[ 535 84 kPa; 17-755 kW ]
29. A Diesel engine working on the four-stroke cycle has a bore of 25 cm and stroke of 35 cm, runs at 4 

r.p.s. If the compression ratio is 14 and the cut-off ratio is 2-2, estimate the indicated mean effective 
pressure in kPa and the indicated power of the engine. Assume the law of compression to be pv1'32 = 
constant and the law of expansion is pv135 = constant. The pressure and temperature at the beginning of 
compression are 100 kPa and 100*C respectively. Calculate also the temperatures at the salient (key) points 
of the cycle.

[ i.m.e.p. = 604-92 kPa; indicated power = 20-79 kW; 595*C, 1,637*C, 727*C ]
30. A single-acting, four-stroke cycle Diesel engine develops indicated power of 30 kW at 200 r.p.m. The mean 

effective pressure is 700 kPa, compression ratio is 14, fuel is cut-off at 6% of the stroke, y = 1*4 for air, 
calorific value of fuel is 43,000 kJ/kg, relative efficiency is 58%. Calculate (0 the cylinder diameter if stroke 
to bore ratio is 1-25, (ii) the air-standard efficiency, (iii) the indicated thermal efficiency, (iv) the fuel 
consumption is litres per hour, and (v) the fuel consumption in litre per kW-hour based on indicated power. 
Take specific gravity of fuel as 0-8.

[ (i) 29-7 cm; (ii) 60-45%; (iii) 35-06%; (iv) 8-95 litres/hour; (v) 0-2983 litre/kW-hr. )
31. A four-stroke oil engine working on dual-combustion cycle has a cylinder diameter of 24 cm and a stroke 

of 35 cm. The clearance volume is 1,615 cm3, cut-off takes place at 6 per cent of the stroke and the 
pressure ratio is 1-5. If the relative efficiency is 0-6 and the calorific value of oil is 42,000 kJ/kg and oil 
consumption is 4-8 kg/hr., calculate the indicated power of the engine. Also calculate the indicated mean 
effective pressure in kPa if the engine runs at 5 r.p.s. Take y = 1-4. for air.
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[ Indicated power = 19-647 kW; i.m.e.p. = 496-33 kPa ]


