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Unit-3 Combustion in CI engines 

In the SI engine, a uniform mixture A: F is supplied, but in the CI A engine: the mixture F is not homogeneous 

and the fuel remains in liquid particles, so the amount of air delivered is from 50% to 70% more than the 

stoichiometric mixture. 

The combustion in the SI engine starts at one point and the flame generated at the ignition point propagates 

through the mixture to burn the mixture, while in the CI engine the combustion takes place simultaneously 

in several points and the number of flames generated is also high. . The combustion of liquid fuel is more 

difficult as it evaporates; must rise to the ignition temperature and then burn. 

 

Stages of Combustion in CI Engine 

The combustion in CI engine is considered to be taking place in four phases: 

 Ignition Delay period /Pre-flame combustion 

 Uncontrolled combustion 

 Uncontrolled combustion 

 After burning 

 
1 Ignition Delay period /Pre-flame combustion 

The fuel does not ignite immediately after injection into the combustion chamber. There is a definite period 

of inactivity between the time of injection and the actual burn, this period is known as the period of delay of 

ignition. 

In the figure, the delay period is shown in the diagram of the angle of the motor shaft under pressure (or 

time) between points a and b. Point "a" represents the injection time and point "b" represents the 

combustion time. The ignition delay period can be divided into two parts, the physical delay and the 

chemical delay. 

The delay period in the CI engine has a major influence on engine design and performance. It is extremely 

important for its effect on the combustion and beating speed and also for its influence on the starting 

capacity of the engine and the presence of smoke in the exhaust. 

 

2 Period of Rapid Combustion 

The rapid combustion period, also called uncontrolled combustion, is the phase in which the pressure 

increase is rapid. During the delay period, a considerable amount of fuel accumulates in the combustion 

chamber; these accumulated drops of fuel burn very quickly and cause a sharp increase in pressure. The 

rapid combustion period is counted from the end of the delay period or from the start of combustion to the 
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point of maximum pressure in the indicator diagram. The speed of heat release is maximum during this 

period. This is also known as the uncontrolled combustion phase, since it is difficult to control the amount of 

combustion / injection during the combustion process. 

It can be seen that the pressure reached during the rapid combustion period will depend on the duration of 

the delay period (the longer the delay, the faster and higher the pressure, since there would be more fuel in 

the cylinder before the speed of burning comes under control). 

3 Period of Controlled Combustion 

The rapid combustion period is followed by the third stage, controlled combustion. The temperature and 

pressure in the second stage are so high that the injected fuel droplets burn almost to the inlet and find the 

necessary oxygen and any increase in additional pressure can be controlled by the injection speed. It is 

assumed that the controlled combustion period ends at the maximum cycle temperature. 

4 Period of After-Burning 

Combustion does not stop with the completion of the injection process. Un buffered and partially burned 

fuel particles that remain in the combustion chamber start to burn as soon as they come into contact with 

oxygen. This process continues for some time, called the post-combustion period. This combustion can 

continue in an expansion stroke of up to 70-80% of the drive shaft stroke from the TDC. 

Ignition Delay or Ignition Lag  

The delay period is the time between the beginning of the injection and the beginning of the combustion. 

The delay period is extended by about 13 degrees of crank movement. This delay time decreases with 

increasing speed. If there is no delay, the fuel will burn in the injector and there will be a lack of oxygen 

around the injector, which will result in incomplete combustion. If the delay is too long, the amount of fuel 

available for the simultaneous explosion is too great, which results in a rapid increase in pressure. The delay 

period should be as short as possible, since the long delay period produces a more rapid increase in pressure 

and therefore causes a knock. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component of Ignition Delay or Ignition Lag 

Ignition delay can be divided into two parts: 

Physical Delay: The physical delay is the time between the start of the injection and the achievement of the 

chemical reaction conditions. During this period, the fuel is atomized, vaporized, mixed with air and brought 

to its auto-ignition temperature. This physical delay depends on the type of fuel, that is, for light fuel; the 

physical delay is small, while for heavy viscous fuels, the physical delay is high. The physical delay is greatly 

reduced by using high injection pressures and high turbulence to facilitate jet breakage and improve 

evaporation. 
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Chemical Delay: During the chemical delay, reactions start slowly and then accelerate until inflammation or 

ignition occurs. In general, the chemical delay is greater than the physical delay. However, it depends on the 

temperature of the environment and the high temperatures, the chemical reactions are faster and the 

physical delay
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Combustion phenomenon in CI engine V/s combustion in SI engine. 

SL 

NO 

COMUSTION IN SI ENGINE COMBUSTION IN CI ENGINE 

1 The homogeneous mixture of gasoline and air 

vapor is compressed (CR 6: 1 to 11: 1) at the 

end of the compression stroke and ignited at 

one point from the spark plug. 

The air is compressed only through a high 

compression ratio (from 12: 1 to 22: 1) and the fuel 

is injected at high pressure from 110 to 200 bar with 

the fuel injector pump. 

 2 The defined front part of the flame advances 

through the fuel mixture of the air and the 

entire mixture is in the fuel field 

 

Fuel is not injected at the same time, but extends 

over a period of time. The initial droplets encounter 

air whose temperature is above the auto-ignition 

temperature and turn on after the ignition delay. 

 3  

For effective combustion, turbulence is 

required. The turbulence required in the SI 

engine involves a disordered air movement 

without a general flow direction to break the 

flame front surface and distribute the flame 

shrouds thought in an externally prepared 

homogeneous fuel mixture. 

For effective combustion, a vortex is required. The 

vortex required in the IC engine involves a tidy 

movement of the entire body of air with a particular 

flow direction, to provide a continuous flow of fresh 

air to each drop in flames and sweep combustion 

products that otherwise would have suffocated it. 

 

4 In SI, the ignition of the engine occurs at a point 

with a slow increase in pressure 

 

In the IC engine, ignition occurs at many points at 

the same time with the consequent rapid increase 

in pressure. There is no defined flame front. 

5 In the SE engine, the physical delay is almost 

zero and the chemical delay controls 

combustion 

In the CI engine, the physical delay controls 

combustion. 

 6  

In the SI motor, the A / F ratio remains close 

to the stoichiometric value from zero to full 

load 

In the IC engine, regardless of the load, at any 

speed, an approximately constant supply of air 

enters the cylinder. With the change of load, the 

amount of fuel changes to vary the A / F ratio. The 

overall A / F can range from 18: 1 to 80: 1. 

 
5 The delay period should be as long as possible. 

High octane fuel (low cetane content) is 

required. 

 

The delay period should be as short as possible. 

High cetane content (low octane number) is 

required 

 
 

Effect of Various Factors On Delay Period In CI Engine 

Many design and operating factors affect the delay period. The important ones are: 

 compression ratio 

 engine speed 

 output 

 injection timing 

 quality of the fuel 

 intake temperature 

 intake pressure 
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Compression Ratio The increase in the air compression temperature with an increase in the compression 

ratio evaluated at the end of the compression stroke is shown in the figure. It is also observed in the same 

figure that the minimum auto-ignition temperature of a fuel decreases due to a higher compression 

density. Compressed air this causes a closer contact between the fuel and the oxygen molecules, reducing 

the reaction time. Increasing the compression temperature and decreasing the minimum auto-ignition 

temperature reduce the delay period. The maximum pressure during the combustion process is only 

marginally influenced by the compression ratio (because the delay period is shorter with greater 

compression the ratio and, therefore, the increase in pressure is lower). 

 

 

 

 

 

 

 

 

Then why we do not use very high compression ratio in CI? 

One of the practical disadvantages of using a very high compression ratio is that mechanical efficiency 

tends to decrease due to the increase in weight of the alternative parts. Therefore, engine designers 

always try to use a lower compression ratio, which facilitates an easy cold start and a light load at high 

speeds. 

Engine Speed: 

The delay period could be given in terms of absolute time (in milliseconds) or in terms of degrees of the 

crankshaft angle 

As engine speed increases, the heat loss during compression decreases, which results in both the 

temperature and compressed air pressure increase, thus reducing the delay time in milliseconds. However, 

in degrees of displacement of the crankshaft, the delay period increases as the engine run at a higher 

speed. The fuel pump is oriented towards the engine and therefore the amount of fuel injected during the 

delay period depends on the initial degrees and not on the absolute time. Therefore, at high speeds, there 

will be more fuel present in the cylinder to take part in the second stage of uncontrolled combustion, with 

a consequent increase in pressure. 
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Outputs 

With an increase in engine power, the air-fuel ratio decreases, the operating temperatures increase and, 

therefore, the delay period decreases. The rate of pressure increase is not affected, but the maximum 

pressure reached can be high. 

Injection timing: 

The effect of the injection progress on the change in pressure is shown in Fig. For three injection advance 

times of 90 °, 18 ° and 27 ° before the TDC. The amount of fuel injected per cycle is constant. Since the 

pressure and temperature at the beginning of the injection are lower for a greater advance of ignition, the 

delay period increases with the increase in injection progress. The optimal injection advancement angle 

depends on many factors, but in general it is about 20° bTDC. 

 

 

 

 

 

 

 

 

 

Quality of Fuel used: 

The physical and chemical properties of fuel play a very important role in the delay period. The most 

important property of the fuel that is responsible for the chemical delay is its auto-ignition temperature. 

Lower the auto-ignition temperature, decrease the delay period. 

The cetane (CN) number of the fuel is another important parameter that is responsible for the delay 

period. A fuel with a greater amount of cetane it ensures a shorter delay period and offers smoother 

engine operation. 

The effect of the cetane number on the indicator diagram when the injection time is the same is shown in 

the adjacent figure. 

The delay period for a fuel with CN = 50 is the lowest and also the pressure increase is regular and the 

increase in maximum pressure is lower because most of the fuel is burned during controlled combustion. 

The other fuel properties that influence the period of physical delay are volatility, latent heat, viscosity and 

surface tension, viscosity surface tension is responsible for better atomization while llatent heat and 

viscosity are responsible for the rapid evaporation of fuel. 
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Intake Temperature 

The delay period is reduced with increasing temperature. However, the preheating of the load for this 

purpose is not desirable as it reduces the charge density and the volumetric efficiency and output power. 

 

Intake pressure 

The increase in suction or supercharging pressure reduces the auto-ignition temperature and, 

consequently, reduces the delay period. The maximum pressure will be higher as the compression pressure 

will increase with the suction pressure. 

The following table gives the summary of the factors which influence the delay period in CI engine. 

EFFECT OF VARIABLE ON DELAY PERIOD – SUMMARY 

SL 

No 

Increase in variables Effect on Delay period Reason 

1 Cetane Number of fuel Reduce Reduces the self ignition 

temperature 

2 Injection pressure Reduce Reduces the physical delay due 

to greater surface to volume ratio 

3 Injection timing advance Increase Reduces the pressure and 

temperature when the injection 

begins 

4 Compression ratio Reduce Increases air temperature and 

pressure and reduces auto ignition 

temperature 

5 Intake temperature Reduce Increase air temperature 

6 Jacket water temperature Reduce Increase wall and hence air 

temperature 

7 Fuel temperature Reduce Increases chemical reaction due 

to better vaporization 

8 Intake pressure Reduce Increases the density and also 

reduces the auto ignition 

temperature 

9 Speed Increase in terms of 

crank angle but reduces 

in terms of milliseconds. 

Reduce loss of heat 
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10 Load ( Fuel/air ratio) Decrease Increase the operating 

temperature 

11 Engine size Increase in terms of 

crank angle but little 

effect in terms of 

milliseconds. 

Larger engines operate at 

normally slow speeds. 

12 Type of combustion 

chamber 

Lower for engines with 

pre-combustion 

chamber 

Due to compactness of the 

chamber. 

PHENOMENON OF DIESEL KNOCK  

Knocking is the violet vibration of the gas and the audible sound produced by the extreme pressure 

differentials that lead to rapid increase during the first part of the second phase of uncontrolled 

combustion. 

In C.I. engines the injection process takes place during a defined time interval. As a result, like the first ones 

The injected drops are going through 

The delay period of ignition; further drops are injected into the chamber. If the ignition delay is longer, the 

actual combustion of the first drops is delayed and a greater quantity of fuel drops accumulates in the 

chamber. When the actual combustion starts, the additional fuel can cause the pressure to rise too quickly, 

as shown in the previous crankshaft angle diagram, which causes a jamming of the forces against the 

piston (hit by a hammer) and a sudden engine operation. If the ignition delay is quite long, so much fuel 

can accumulate that the rate of pressure increase is almost instantaneous. Such, a situation produces 

extreme 

Differential pressure and vibration of the violent gas known as knocking (diesel blowing), and highlighted 

by an audible blow the phenomenon is similar to the one in the SI engine. However, in the SI there are 

engine shots towards the end of the combustion, while in the IC engine, the knocking takes place near the 

beginning of the combustion. 

The delay period is directly related to Knocking in the CI engine. A long delay may be due to the following 

factors: 

 A low compression ratio that allows only a marginal self-ignition temperature to be reached. 

 Low combustion pressure due to worn pistons, faulty rings and valves 

 Low amount of fuel cetane 

 Fuel Aerosol of little atomized fuel that prevents premature combustion 

 Formation Thick droplet formation due to malfunction of injector parts such as spring 

 Low suction temperature and air pressure 

METHODS OF CONTROLING DIESEL KNOCK 

We discussed the factors that are responsible for the detonation in the previous sections. If these factors 

are controlled, the detonation can be avoided. 

Using a better fuel Higher CN fuel has lower delay period and reduces knocking tendency. 

Controlling the Rate of Fuel Supply By injecting less fuel at the beginning and therefore more fuel in the 

combustion chamber detonation can be controlled to a certain extent. The cam shape of the appropriate 

profile can be designed for this purpose. 
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Knock reducing fuel injector: This type of injector prevents the sudden increase in pressure inside the 

combustion chamber due to the accumulated fuel. This can be done by arranging the injector so that only a 

small amount of fuel is injected. This can be achieved by using two or more injectors that are fixed out of 

phase. 

By using Ignition accelerators: The number of C N can be increased by adding chemicals called dopes. The 

two chemicals used are ethyl nitrate and amyl nitrate in a concentration of 8.8 g / liter and 7.7 g / liter. But 

these two increase NOx emissions 

Increasing Swirl: Knocking can be reduced considerably by increasing the vortex (or reducing turbulence). 

Swirl helps eliminate combustion. 

COMPARISON OF KNOCK IN SI AND C ENGINES 

It may be interesting to note that the hammering in positive-ignition engines and compression-ignition 

engines is mainly due to self-ignition of the fuel and air mixture. In both cases, tapping depends on the 

automatic switch-on delay of the fuel and air mixture. But a careful examination of the beating 

phenomenon in SI and CI engines reveals the following differences: 

1. In engines with spark ignition, the automatic ignition of the final gas away from the spark plug, most 

likely near the end of the combustion, causes shocks. But in compression engines, the ignition of the 

charge causing the blow is at the beginning of the combustion. 

2. To avoid hitting the SI engine, self-ignition of the final gas must be avoided. In the IC engine, the first 

self-ignition is necessary to avoid striking 

3. The hammering in the SI motor takes place in a homogeneous mixture; therefore the speed of pressure 

increase and the maximum pressure are considerably high. In the case of the compression-ignition engine, 

the mixture is not homogeneous and, therefore, the pressure is lower than that of the SI engine. In CI 

engine only air is compressed, therefore there is no question of Pre-ignition in CI engines as in SI engines. 

4.  It is much easier to distinguish between the conditions of knocking and not knocking on SI engines, 

since the human ear easily finds the difference. However, in compression-ignition engines, the normal 

ignition is self-ignition and the rate of pressure increase under normal conditions is considerably high (10 

bar versus 2.5 bar for the SI engine) and causes a lot of noise. The noise level becomes excessive in 

detonation conditions. Therefore, there is no clear distinction between normal combustion and blows. 

5.  SI fuels must have a long delay to avoid hitting. CI fuels must have a short delay to avoid hitting. 

Knock rating of CI fuels ( CETANE NUMBER) 
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The cetane number is a numerical measure of the influence of diesel fuel in determining the ignition delay. 

The higher the cetane number the more likely the less fuel is diesel generation. The cetane number of a 

diesel is a measure of its ignition quality. 

The cetane number of a fuel is the percentage by volume of cetane in a cetane mixture [C16H34] and -

methylnaphthalene [C10H7 CH3] which has the same standard fuel performance test engine. The cetane is 

arbitrarily assigned the number 100 and originally methylnaphthalene was given a number 0, but now the 

reference fuels are heptamethylnonane (HMN), which receives a value of 15. HMN is used because it is a 

stable compound and has a quality of slightly better ignition. 

Cetane number 40, a mixture containing 40% cetane and the volume 60% heptamethylnonane (HMN), 

which provides the same ignition delay as high fuel acceleration of the engine tested. A cetane number of 

50 is required for the engine at an average speed of about 30. The high octane number results in a low 

cetane number. In other words, fine the fuel of the CI engine is negative for the fuel of the SI engine. 

The following graph shows the relationship of other fuel properties with CN 

To reduce the detonation, diesel oil should have a low auto-ignition temperature and a short amount of 

time, while the petrol should have a high auto-ignition temperature and a long ignition delay. 

In IF the beating of the engine occurs near the end of the combustion, while in the IC motor this occurs at 

the beginning of the combustion. Because of this difference in the start time of SI and CI engines. 

Conditions that reduce the tendency to knock on the SI engine will increase the tendency to knock on the 

CI engine. 

The diesel has a high cetane number (40-60) and a low octane number (30) and the petrol has a high 

octane number (80-90) and a low cetane number (20). 

The figure shows the typical indicator diagram of a diesel engine with a strong pressure that fluctuates 

during combustion caused by shock waves when using gasoline. 

Weak mixture gives better efficiency in CI engine 

When the mixture becomes lean (less fuel), the increase in temperature due to combustion will be reduced 

due to the reduction in energy mass unit of the mixture this will result in a lower specific heat. 

Furthermore, it will reduce losses due to dissociation and variation in specific heat. Therefore, the 

efficiency is greater and, in fact, approaches the efficiency of the air cycle when the air / fuel ratio is 

reduced, as shown in the following figure. 

The thermodynamic analysis of the engine cycles has clearly established that the operation of a motor with 

a lighter air-fuel ratio always offers better thermal efficiency, but the average effective pressure and power 

output are reduced. Therefore, the size of the motor increases for a given output if it is operated close to 

the stoichiometric conditions, the A / F ratio in certain regions inside the chamber is likely to be so rich that 

some of the fuel molecules will not be able to find the oxygen needed for combustion and then produce a 

considerably black smoke. Therefore, the TC motor is always designed to work with an excess of air, from 

15 to 40% depending on the application. The output power curve for a typical IC motor operating at 

constant speed is shown in Fig. below. The approximate region of the A / F ratios in which visible black 

smoke occurs is indicated by the shaded area. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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