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ABSTRACT 
The fossil fuels are non-renewable sources. Depletion of fossil fuels, will lead the renewable energy 

sources to fulfill the energy demands. There are many alternate fuels available for IC engine. One of the alternate 

fuel is biodiesel, which is easily available. Biodiesel research is gaining importance due to its less polluting and 

renewable nature as opposed to conventional diesel. Biodiesel has some advantages over diesel but there is a need 

to improve the properties of biodiesel like viscosity, volatility and compressibility, which affect the combustion 

behavior of an engine. Biodiesel has a higher cetane number and Density, Which leads advance injection, so that 

the ignition delay increased due to high cetane number ignition delay is decreased. However the pre-injection plays 

a wide role. Hence ignition delay of biodiesel is high when compared with diesel fuel. The longer ignition delay 

affects the combustion performance of an engine. Hence, optimization of ignition delay will improve the 

performance of the engine. In this work theoretical model was used to predict the ignition delay (ID) using Cetane 

number, compression ratio, engine speed, engine load, intake air, initial pressure & temperature and mean piston 

speed. Theoretical model is based on the engine specifications. The ignition delay is regarded as the pressure rise 

delay. The start of combustion can be defined by the change in slope of the heat release rate occurs of ignition. 

Experimental values were used to validate the results obtained from theoretical modeling. 
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INTRODUCTION 

Biodiesel is a non-toxic, biodegradable, and renewable diesel fuel and can be used neat or blends with 

diesel fuels. Biodiesel fuel can be produced by trans esterification process. Biodiesels are characterized by their 

heating value, cetane number, viscosity, density, cold flow properties. The engine power decreased with the 

utilization of biodiesel .The reasons are less calorific value of biodiesel and inefficient combustion of 

biodiesel(M.Shahabuddin, 2013).Biodiesel have higher viscosity then petroleum diesel. Biodiesel have early start 

of combustion, longer ignition delay and less heat release rate.  (Niraj Kumar, 2013).Auto-ignition characteristics 

of the fuel affect the delay between the start of fuel injection into the cylinder and measurable heat release due to 

combustion.ID period depends upon a number of parameters like fuel type, including details of engine design, 

operating condition, and fuel injection strategy(Wei jet, 2014). Combustion characteristics as well as engine 

performance are measured for different biodiesel diesel blends.  The delay period is found to be decreased with the 

increase of cylinder pressure, temperature and equivalence ratio (Mohammed EL-Kasaby).The predicted ignition 

delay based on the ignition delay correlations. 

Ignition delay: The ignition delay in a diesel engine was defined as the time or crank angle interval between start 

of injection and start of combustion. 

A. Physical delay: It  is  the time between the beginning of  injection  and  the attainment of chemical reaction 

conditions During this period the fuel is atomized, vaporized mixed with air and raised to self- ignition temperature 

viscosity governs the physical delay of  fuel combustion  process, for low viscosity fuels the physical delay is 

small and vice versa. 

B. Chemical delay: During this period reactions start slowly and then accelerate until inflammation or ignition 

takes place generally chemical delay is larger than the physical delay. However it depends on the temperature 

of the surroundings .Chemical reactions are faster at higher temperatures thus physical delay becomes longer than 

the chemical delay. 

C. Methods to find the ignition delay: The determination of a correlation allowing the prediction of ignition delay 

period requires the knowledge of the main parameters influencing the delay. These parameters are experimental 

conditions in the chamber (i.e. pressure, temperature and the diesel fuel characteristics). Thus, experiments have 

been carried out over a wide range of temperatures, pressures mass of pilot diesel injection and pressures which 

gives a fuel/air equivalence ratio.  
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As it can be seen that the pre-ignition temperatures were a little lower than those normally experienced in 

diesel engine operation as it was found that the higher temperatures could spontaneously ignite the pre-mixed fuel-

air mixture. The ignition delay is defined as the period from the start of injection to the time at which ignition 

occurs. Different concepts of ignition delay have been used in previous studies (pressure rise delay, luminous 

delay, etc).  

 In this work, the ignition delay is regarded as the pressure rise delay. This was evaluated by recording both 

needle lift and the dynamic pressure trace of the entire combustion process. The delay section was then enlarged, 

such that the pressure rise delay period became distinct from the following combustion process. The pressure that 

arises from the ignition of the mixture during the delay period is significantly different from the pressure 

disturbance caused by the pilot diesel injection. 

An empirical formula for predicting the duration of the ignition delay period in DI engines. This formula 

gives the ignition delay (in crank angle degrees) in terms of charge temperature T (kelvins) and pressure p (bars) 

during the delay (taken as TC conditions) 

 

 

 

Where Sp, is the mean piston speed (meters per second) and R is the universal gas models for this coupled mixing 

and combustion process are not yet available. Constant (8.3143 J/mol- K). E(joules per mole) is the apparent 

activation energy 

 

Where CN is the fuel cetane number. The apparent activation energy decreases with increasing fuel cetane number.  

Engine Test Procedure: The Vertical Single cylinder, four stroke water cooled direct combustion Kirloskar(AV1) 

engine is used. The engine is coupled with combustion analyzer, proximity sensor, Di-gas analyzer. The 

combustion analyzer is used for measure the Heat release rate in the combustion chamber. The proximity sensor is 

used detect the crank shaft position in terms of crank angle. The Di-gas analyzer is measure the emission 

characteristics of the fuel. 

The Pressure sensor and Proximity sensors connected to the Lab VIEW Instrument. The engine is started 

and allowed to warm-up for about 15 minutes. The readings on dynamometer scale (load) time taken for 5cc of fuel 

consumption is taken from crypton analyzer smoke measurement in smoke meter has been recorded. This 

procedure is repeated by changing the loads from No load, 5 kg, 10 kg, 15 kg, and 20 kg. The set of data which 

compares load and NOx. The data are plotted with load of the base engine on the horizontal axis against the NOx of 

the base engine on the vertical axis. 

 
Fig. 1 Engine setup 

 

A. Instrument used for loading the engine: An eddy current dynamometer is been coupled to the engine to apply 

the load on the engine. Adjust the regulator to vary the engine with help of dynamometer 0-80% load conditions. 

B. Instrument used for measuring fuel consumption: The fuel flow rate was measured by timing the 

consumption for known quality of fuel from a burette. The fuel flow rate was measured by timing the consumption 

for known quality of fuel (10cc) from a burette. Measure the time taken for 10 cc fuel consumption using stop 

watch in seconds. It helpful for calculate the Fuel consumption of using fuel. 

Exhaust gas analyzer: The Exhaust gas analyzer is di-gas analyzer which is used to measure exhaust emissions 

from the diesel engine. A Probe is attached to the Tail pipe extension, a filter is used to prevent the foreign particle 

enter to the analyzer. It gives the values of CO in % volume, CO2 in % volume and HC and NOx in ppm. 
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Table.1.Engine Specifications 

Make Kirloskar (AV1) 

Engine speed 1500 rpm 

N. of cylinders 1 

Bore and stroke 80 and 110 mm 

Max. power 3.74 kW 

Compression ratio 16.5:1 

Type of cooling Water cooling 

Injection timing 23oBTDC 

Type of cranking Manual 

Clearance volume 35.67 cc 

Stroke volume 552.92 cc 

 

 

  
 

 
 

 

Figure.2.Ignition delay 

with pressure rise 

Figure.3.Brake Power 

with Ignition delay 

Figure.4.Ignition delay 

from calculated HRR 

curve using P- Ѳ diagram 

Figure.5.Ignition Delay 

of diesel and biodiesel 

fuel 
Inference from the figure.2 the maximum pressure rise of the diesel fuel is 64 bar at 2°ATDC. The pressure 

rise of the B100 is 63 bar at 6°ATDC.Injection timing of the 23°BTDC both diesel and B100 .The ignition delay of 

diesel is 12° CA at maximum load condition. The delay of B100 is 16° CA, which is 4°-5° greater than the diesel. 

So the delay period is increases the maximum pressure rise delayed. So the utilization of energy is reduced.  

RESULT AND DISCUSSIONS 

Predicted Ignition Delay at various Load: Inference from the figure.3, brake power increases as the ignition 

delay is decreases. The Ignition delay decreases linearly with increasing load for direct combustion diesel engine. 

As load increased, the residual gas temperature and wall temperature increase. This results in higher charge 

temperature at injection, thus shortening the ignition delay. The ID is mentioned in term of crank angle (CA).The 

predicted ignition delay is to vary the ignition delay correlations. Initial pressure taken as atmospheric pressure. 

The temperature is 300K the ignition delay is 9.46 CA at the load of 25%.when predicted at full load condition the 

delay period is 8.05 CA. The experimental ID is 16(CA) at the load of 25%. Hence predicted ignition delay is 

varying the intake air pressure and temperature, The Experimental ID determine from heat release rate at various 

brake power. Inference from the figure.4, the ignition delay is 16 CA, load at 25%, engine speed is 1500rpm.The 

measured ignition delay is refer from the heat release rate of the engine. The start of injection (SOI) time is 

23°BTDC.  Start of combustion (SOC) is at the angle of 7°BTDC.The start of combustion is measured from the 

measurable heat rises. The ignition delay is 14 CA, load at 50%, engine speed is 1500rpm. The start of injection 

(SOI) time is 23°BTDC.  Start of combustion (SOC) is at the angle of 9°BTDC.The start of combustion is 

measured from the measurable heat rises. The ignition delay is 14 CA, load at 75%, engine speed is 1500rpm. The 

start of injection (SOI) time is 23°BTDC.  Start of combustion (SOC) is at the angle of 9°BTDC. The ignition delay 

is 12°CA, at maximum load and engine speed is 1500rpm.The measured ignition delay is refer from the heat 

release rate of the engine. The start of injection (SOI) time is 23°BTDC.  Start of combustion (SOC) is at the angle 

of 12°BTDC. 

Inference from the figure.5 the ignition delay of diesel fuel is 16°CA at 25% load, the load increases delay 

is decreases, the delay period is 12°CA at the maximum load. The Delay period of B20 is 16°CA at 25% load, 

delay is decreases at maximum load 14°CA, but compare to diesel delay is increased. The Delay of B60 is 17°CA t 

25% load, increasing the blend of biodiesel the delay period is reduced only 1°CA as increasing of load. The delay 

period of B100 is 17°CA at 25% load, the delay is 15°CA at maximum load 
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Fig.6 Brake Power with Brake 

thermal efficiency 

Fig.7 Brake Power with Specific 

fuel consumption 

Fig.8 Brake Power with Oxides of 

Nitrogen 

   
Fig.9 Brake Power with Hydro 

carbon 

Fig.10 Brake Power with 

Carbon monoxide 

Fig.11 Brake Power with Carbon 

dioxide 

Inference from the figure.6 the variation of brake thermal efficiency with it is noted from the graph, as the 

brake power increases, combustion efficiency increases. The delay period decrease with increasing load because 

the operating temperature of the engine increases, leading to better combustion. it is mainly due to cylinder gas 

temperature, in the lower load condition their might not be sufficient temperature inside the combustion chamber to 

completely combust the inflow fuel which pays ways for reduced thermal efficiency at the lower load. In the peak 

load the frictional power gets high which results in reduced thermal efficiency. Hence it is found that at part load 

condition the efficiency of the engine is comparatively good due to high in cylinder gas temperature. The maximum 

thermal efficiency of diesel fuel is 29.51%. When percentage of biodiesel in the blend mixture increases, it will 

reduce the brake thermal efficiency, it’s due to lower calorific value. Thermal efficiency of B100 is 

25.15%.Inference from the figure.7 due to the no load condition the Specific fuel consumption is high, because of 

in cylinder gas temperature is lower, at part load the temperature of the in cylinder gas temperature is high. so the 

SFC decreasing. At full load condition increase the friction power, SFC tends to increasing. The B100 has a 

maximum SFC compare to the other blends of biodiesel, because of lower calorific value, higher density of 

biodiesel. 

Inference from the figure.8 incraese the engine load the air/fuel ratio is high, the combustion is enhanced 

and engine cycle temperature also increased.Nitrogen react with the oxygen at high temperature, so NOX emission 

is increased.For efficient combustion, the fuel has to atomize, mix and ignite properly. Atomization and mixing of 

fuel again depends on the physical properties of the fuel. Fuel viscosity and surface tension affect the penetration 

rate, maximum penetration and droplet size which in turn affects the mixing of fuel and air. Cetane number of the 

fuel plays a vital role in ignition process. NOx emission increase for all fuels as there is an increase in Load.  It 

depends upon the Combusion temperature and Oxygen Concentration and Combusion duration time.  Slow 

combusion causes large heat release at after combusion stage, this casues a decreases NOx formation.Inference 

from the figure.9 to incrase the brake power more fuel to be injected in the combustion chamber.The air/fuel ratio 

is increased, the lack of local oxygen lead to unburned fuel so HC increased. As the brake power increases, the total 

fuel required increase but the time required for combustion of fuel decreases which increases the unbrunt 

hydrocarbons.Inference from the figure.10 incrase the brake power more fuel to be injected in the combustion 

chamber.The air/fuel ratio is increased, the lack of local oxygen lead to the increase of CO. The carbon monoxide 

(CO) emission with BMEP for diesel.Emissions of carbon monoxide from a DI diesel engine mainly depend upon 

the physical and chemical properties of the fuel.This results in better combustion for diesel fuel. Hence CO, which 

is present in the exhaust gas due to incomplete combustion. Inference from figure.11 The  percentage of carbon 

dioxide is increases with increse of brake power. It’s because of  complete combustion of the fuel. Biodiesel has a 

rich oxygen content mixture fuel as compared to diesel, so increase the percentage of biodiesel in the blend 

increase the carbon dieoxide. 

CONCLUSION 

One of the most important parameters in the combustion phenomenon is the ignition delay. The ignition quality 

of a fuel is usually characterized by its cetane number. Ignition delay decreases with the increase in brake power 
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and increase in injection pressure and ambient air pressure. The longer ignition delay of biodiesel is also due to the 

presence of rich oxygen content and higher density of the biodiesel. Early injection time gives longer Ignition delay 

period, which gives more premixed combustion. The Ignition delay decreases linearly with increasing load for 

direct combustion diesel engine .As load increased, the residual gas temperature and wall temperature increase. 

This results in higher charge temperature at injection, thus shortening the ignition delay. 

1. When adjustment is made for this increasing temperature, it is found that increasing the quantity of fuel 

injected has no significant effect on ignition delay period under normal operating conditions. 

2. The chemical characteristics of the fuel are much the more important of ignition delay period. The ignition 

quality of the fuel, defined its cetane number. 
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