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Abstract— The study is based on the investigation of effect of 

different spray pattern for different nozzle geometry on brake 

power and emission characteristics of diesel engine. The 

Internal Combustion Engine is one of the most widely used 

machine which produces the pollutant gases due to improper 

mixing of fuel and air and due to unburned fuel. The spray 

parameters have direct influence on combustion, which in turn 

affects the engine performance and combustion 

characteristics. To analyze the power and emission the 

experiment was carried out on 7.3kw single cylinder four–

stroke kirloskar diesel engine. Analysis was done for different 

spray pattern for same engine and result were compared. The 

result were presented in form of rpm(revolution per minute) 

and emission parameters  like NOx, CO2, CO, HC, O2.the 

analysis was done on 3-hole. 4-hole and 5-hole nozzle. The 

results were compared for this parameters for different nozzle 

geometry. 
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I. INTRODUCTION 

An Internal Combustion Engine is one of the best available 

reliable source of energy. Internal combustion engine is used 

for various purpose like automobile, agriculture, industries, 

etc. A sample of diesel exhaust may be free from smoke, 

odour, and have no unburned hydro-carbon or it may be 

heavily smoke laden, highly malodorous and can have heavy 

concentration of  unburned hydro-carbon. The performance 

of diesel engine mostly affected by the design of combustion 

chamber, air-fuel ratio and unburned fuel. This unburned fuel 

occurs due to insufficient amount of air. Internal combustion 

engines generate undesirable emission during the combustion 

process, the emission exhausted into the surroundings pollute 

the atmosphere and causes global warming, acid rain, smog, 

odours, respiratory and other health hazards. This diesel 

engine produces the gases such as NOx, CO2, CO, HC, O2. 

The major cause of these poor emission are 

dissociation of nitrogen and impurities in the fuel and air, 

however, it is desired to reduce these emission and control it. 

Again the efficiency of the system can be increased by using 

various techniques. An Internal Combustion Engine should 

meet ecological and economical requirements. The 

Automization of the fuel and air can be carried out by using 

various nozzle geometry. To have proper mixing of fuel and 

air we need to choose appropriate nozzle geometry. By using 

the best nozzle geometry we can get high efficiency, torque, 

power and less emission. Selection of nozzle geometry also 

plays an important role for emission, proper nozzle will have 

proper combustion of fuel and would not have unburned 

hydrocarbon which is the main parameter of emission. The 

study and analysis is done on the 7.5kw single cylinder four–

stroke kirloskar diesel engine. It is carried out for different 

spray pattern such as 3-hole,4-hole,5-hole nozzle and the best 

results are analysed. 

II. IC-ENGINE 

Diesel engine in an compression ignition engine which uses 

fuel and compressed air for combustion process The 

compression ignition (Diesel) engine, because of its high 

efficiency and durability has become most popular and used 

for many purpose .The IC-Engine works on the Otto cycle 

where the chemical reaction is converted in the mechanical 

energy which is used in automobile, industries and 

agriculture. As no ignition device is used for combustion of 

fuel which is used in petrol engine thus it is called an 

compression ignition engine. Diesel engines are 

approximately 35% more fuel efficient than their gasoline 

fuelled Counterparts. (The pollutant emissions from diesel 

engine vehicles and exhaust after treatment systems -article 

in Clean Technologies and Environmental Policy April 

2015). 

III. NOZZLE GEOMETRY 

Fuel injector nozzles are one of the most critical and the 

important parts of a diesel engine. The nozzle spray 

dominates for atomization of fuel droplets which also affect 

the combustion characteristics and pollutant. The design of 

the nozzle also plays an important role in air-fuel mixing and 

proper combustion of fuel. (The internal flow of diesel fuel 

injector nozzles: a review, D P Schmidt University of 

Massachusetts, Amherst, Massachusetts, USA)[2]. 

IV. SPRAY PATTERN 

Spray pattern is the pattern which is injected from the injector 

nozzle of the engine which depends upon the nozzle 

geometry. Spray pattern plays an important role in the 

combustion and emission characteristics of a fuel because it 

directly affects the air–fuel mixture formation. Spray 

characteristics of the fuel mainly depend on fuel injection 

pressure, fuel density, fuel viscosity, ambient pressure and 

temperature. (Spray pattern analysis of PAMO oil- 

International Journal of Engineering Research[2]) 

 
Fig. 1: Spray Pattern 

The effect of ambient pressure is very important 

parameter which directly affects the atomization and spray 
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penetration. Spray pattern also determines the amount of fuel 

sprayed in the combustion chamber. The spray also plays 

important role for combustion which depends on amount of 

fuel sprayed in the combustion chamber, the more the area of 

fuel the more is the combustion of fuel and more is the power 

and torque. Thus it is very important to choose the appropriate 

nozzle geometry. (Archives of Mechanical, Electrical and 

Civil Engineering [2]). 

V. EMISSION 

The gases coming out of the exhaust of the diesel engine is 

the emission of the diesel engine. These emissions are caused 

by the unburned fuel, rich fuel, turbulence in combustion 

chamber and improper mixing of fuel and air. Diesel engines 

are one of the most polluting equipment which affects the 

environment as well as human health. The emission 

exhausted into the surroundings pollute the atmosphere and 

causes global warming , acid rain, smog, odours, respiratory 

and other health hazards The pollutant emissions from diesel 

engines are carbon monoxide-CO, carbon di-oxide, 

hydrocarbons-HC, oxygen-O2, particulate matter-PM 

,nitrogen oxides-NOx and oxides of sulphur-SOx. (The 

pollutant emissions from diesel engine vehicles and exhaust 

after treatment systems -article in Clean Technologies and 

Environmental Policy· April 2015). 

 

 
Fig. 2: Concentration of the various emission compounds of 

diesel engine 

Fig. Shows the concentration of the various 

emission compounds of diesel engine of 1% diesel engine 

exhaust. These gases has their individual effect on the 

environment and human health. 

Smoke is the product of combustion. Smoke 

indicates the properties of whether the fuel is burned properly 

or not. Vehicles may produce three kinds of smoke. The three 

types are: 

 Blue smoke indicates poorly serviced engine which is 

caused by oil and unburned fuel.  

 Black smoke indicates that there is a fault in engine 

which is caused by soot,oil,etc. 

 White smoke which is produced epically in winter 

season when the engine is started  from cold and gets 

disappeared when engine gets warm up 

With older engines, the white smoke produced has a 

smell which may cause irritation to your respiratory system. 

(Diesel engine exhaust emissions -Published by the Health 

and Safety Executive INDG286 Reprinted 06/12) 

A. Factors affecting the composition of diesel fumes 

The quantity and composition of diesel fumes may vary 

depending on the quality of diesel, fuel used, the type of 

engine, the fuel pump setting, the workload on the engine, the 

engine temperature, whether the engine has been regularly 

maintained, the time for which the engine is used and the most 

important is the age of the engine. (Diesel engine exhaust 

emissions -Published by the Health and Safety Executive 

INDG286 Reprinted 06/12) 

B. Effect of Emissions 

The IC-engine produces various gases and particles which are 

dangerous not only for environment but also for human 

health. 

Various effects of diesel engine emission are as 

follows: 

 Respiratory problems  

 Global warming 

 Acid rain 

 Formation of toxic chemicals 

 Pollution of water 

 Irritation to the eyes 

 Heart problem and lung cancer(Effect of diesel emission 

on human health-international journal of applied 

engineering research ISSN 0973[6]) 

C. Control of Emission 

The emission of engine are dangerous to environment as well 

as human health, the emissions are needed to be controlled 

and reduced. There are various methods/techniques available 

to get over this problems. High-pressure direct injection 

seems to be one of the most efficient way to reduce Diesel 

engine emission. (Characteristics of Diesel Sprays at High 

Temperatures and Pressures- Lacostle Julien) 

Emissions can also be controlled by using catalytic 

convertor, fuel reburning, exhaust gas reburning. The 

progress are being done to change combustion chamber 

design, change in fuel system and air cooling.(Diesel 

Emission Control-W.Addy Majewski) 

Diesel engine also consists of particulate matters 

which are less than 2.5micron in diameter. The particle 

consists on carbon core and absorbed hydrocarbon from 

engine oil and diesel fuel. This particulate matter emitted may 

cause may health cancer, it can be controlled by using 

following method: 

 Diesel oxidation catalysts(DOCs) 

 Diesel particulate filter(DPFs) 

 Closed crankcase ventilation(CCV)(Emission control 

technologies for diesel powered vehicles-manufacturers 

of emission control association-1730 M Street, NW 

suite 206 Washington, DC. 20036) 
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