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ABSTRACT 

The core objective of the work is to compare the 

performance test on single cylinder four stroke 

diesel engines by the aid of convergent divergent 

inlet manifold then comparing it with the normal 

manifold. Experiments are done by using both the 

types of manifold and results are derived. 

Consistent and dependable performances of latest 

diesel engines are ensured on the management of 

air supply into the combustion chamber. 

Management of air supply enhances all important 

properties like composition, temperature, pressure 

and the quality index of combusted air in heat 

exhaust time. Comparison is done before and after 

the nozzle insertion at the inlet manifold, to ensure 

the decrease in specific fuel consumption and 

increase in thermal efficiency and also reduction in 

the release of environmental hazardous gases from 

CI engines. 

 

1. INTRODUCTION  

Thermal or Heat energy is the oldest energy forms 

familiar to the world. This type of energy is 

generally exhausted from energies like Chemical 

and Electrical energy. Engine is the device used for 

conversion of one form of energy to the other 

form. In this process of conversion, efficiency has 

a dominant place and also decides the effective use 

of energy supplied. Heat engine, a device used to 

transform Chemical energy of a fuel to thermal or 

heat energy. The energy so converted is utilized for 

useful work. 

A 4-cycle engine also called as 4-stroke engine 

is an IC engine where the piston undergoes four 

strokes separately along with crankshaft turning. A 

stroke is the to and fro motion of the piston 

throughout the length of the cylinder. These 

strokes are coined as: 

 

1. INTAKE: Intake stroke starts from the TDC 

(top dead center) and ends at BDC (bottom 

dead centre). During this stroke inlet valve is 

in open position so that the piston can pull the 

air-fuel mixture into the cylinder by providing 

vacuum pressure in the cylinder downwards. 

2. COMPRESSION: Compression stroke starts at 

BDC or at the end of intake stroke and ends at 

TDC. Compression of air-fuel mixture is done 

by the piston in this stroke and preparing the 

mixture to ignite during the power stroke. Inlet 

as well as exhaust valves are closed in this 

stroke. 

3. POWER: Power stroke marks the 2nd 

revolution in this 4-stroke cycle. Crankshaft 

has undergone a 3600 revolution. When the 
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piston is present at TDC that is where the 

compression stroke ends, the air-fuel mixture 

which is compressed is ignited by a spark plug 

in case of gas engine or by the generated heat 

due to high compression in case of diesel 

engine makes the piston to return to BDC. 

Power stroke provides the required mechanical 

work to rotate the crankshaft from an engine. 

4. EXHAUST: In this stroke, piston comes back 

to TDC from BDC with exhaust valve is 

opened. Exhausted products out of combustion 

of air-fuel mixture are exhausted through this 

valve.  

1.1 Working Of Four Stroke Compression 

Ignition Engine  
 

   

Working Principle of 4-Stroke C.I Engine 

 

2. LITERATURE REVIEW 

In any injector, the geometry of the nozzle has an 

impact role in regulating atomization of diesel 

spray as well as combustion. Nozzle properties like 

diameter of hole, Dia-to-length ratio, nozzle inlet 

roundness have their effects on atomization of fuel 

as well as on combustion. These effects were put 

forward by Bergwerk. Aspects regarding internal 

flow like distribution of velocity inside the nozzle, 

cavity effect, turbulent factor determines the 

variation level in the jet near nozzle exit. Primary 

variations will affect the penetration, liquid 

divergence factor, and ignition as well as 

combustion.  Large diametric nozzles are less 

efficient in fuel spray atomization when compared 

to small diametric nozzles. Moreover small 

diametric nozzles need to decrease combustion 

efficiency and duration of injection of small 

diametric nozzles by enhancing injection velocity. 

Size of the nozzle also has effect on performance 

and emissions of fuel. So nozzles of various 

diameters were checked in a process in which 

volume reduces with reduction in nozzle diameter. 

Pickett and Siebers observed and finalized the 

effect formation in diesel engine environments. 

Numerical modeling also used to derive the 

variation level in the jet near the nozzle exit 

relating to lift-off length. Large diametric nozzles 

are less efficient when compared to higher injection 

time in atomizing the fuel.. 

3. METHODOLOGY 

An Engine is a mechanical operator that converts 

one form of energy to another form of energy. 

During this conversion, efficiency plays a crucial 

role in this process. Generally all the engines 

convert thermal or heat energy to mechanical 

energy or work, hence are termed as ‘heat engines’            

3.1 Preparation of convergent – divergent 

nozzle 

This type of manifold is made fixed in the lathe 

machine which has three jaw chucks so to drill a 

hole near the centre of desired diameter. Then 

boring is carried out on the already drilled hole 

with the help of boring tool from both the ends. 
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Preparation of Convergent- Divergent manifold flange 

 Design and fabrication of CD Manifold 

 CD manifold material and Properties 

4. EXPERIMENTAL SETUP & 

PROCEDURE 

The experimental set up containing an engine, an 

alternator, top load system, fuel tank with 

immersion heater, exhaust gas, and manometer 

 

 

Engine: 

 

The engine which is supplied by Kirloskar 

Company. The engine is a single cylinder vertical 

type four stroke, air cooled, CI Engine. The engine 

is self-governed type, which specifications are 

given below. 

 

 

4.1 Experimental Procedure 
 

Before starting the  CI engine separate the fuel 

injector from the fuel system which is attached  on 

the fuel injector Fuel injection pressure tested and 

operates the tester pump Notice the pressure reading 

from the dial at which the injector starts spraying In 

order to accomplish the required pressure by 

balancing the screw, which is at the top of the 

injector 

 

 Above process is repeated till obtaining various 

required pressures. 

 

Diesel is allowed to run the CI engine for half an 

hour. So that it gets warmed up and required 

running conditions are obtained. First check the 

engine, lubricating oil in the engine and also 

observe all rotating and moving parts are whether 

lubricated or not. 

Different steps are required in the setting of the 

experiment, which are explained below 

 

1. The experiment was carried out after 

starting of the CI engine 

 

2. Pressure is set constant over the 

experiment, which is 200 bar. 

 

3. Precautions must be taken while doing the 

experiment. 

 

4. Always should engine started with no load 

condition. 

 

5. The engine was started at no load condition 

and continued it for at least 10 minutes. 

 

6. The readings such as fuel consumption, 

spring balance reading, cooling water flow 

rate, manometer reading etc., were taken as 

per the observation table. 

 

7. The load on the IC engine was increased by 

15% of FULL Load by using the engine 

controllers and the readings were taken as 
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shown in the below tables. 

8. Step 3 was repeated by varying different 

loads from no load to full load. 

 

9. After completion of test, the load on the 

engine was completely removed and then 

the engine was stopped. 

 

The results were taken and calculated by using 

formulas as follows. 

5. Results and Discussion 
 

 

The above table observations are given below 

1. With the increasing the load brake power also 

increases 

2. Load and indicated power are directly 

proportional to each other. 

3. BSFC decreases from 0Kg to 20Kg but whereas 

from 20Kg to 25Kg slightly it increases. 

4. Brake thermal efficiency rises from 0Kg to 

20Kg where as it decreases from 20kg to 25kg. 

5.  Indicated thermal efficiency Increases from 

0Kg to15Kg and slightly decrease from 20Kg 

to 25Kg. 

6. Load increases and Mechanical efficiency also 

increases and volumetric efficiency decreases. 

7. Load increases and BMEP, IMEP and Exhaust 

temperature also increases 

 

The above table observations are given below 

1. With the increasing the load brake power also 

increases 

2. Load and indicated power are directly 

proportional to each other. 

3. BSFC decreases from 0Kg to 20Kg but whereas 

from 20Kg to 25Kg slightly it increases. 

4. Brake thermal efficiency rises from 0Kg to 

20Kg where as it decreases from 20kg to 25kg. 

5.  Indicated thermal efficiency Increases from 

0Kg to15Kg and slightly decrease from 20Kg 

to 25Kg. 

6. Load increases and Mechanical efficiency also 

increases and volumetric efficiency decreases. 

7. Load increases and BMEP, IMEP and Exhaust 

temperature also increases. 

6. Efficiency 

Mechanical efficiency indicates how good an 

engine is inverting the indicated power to useful 

power Fig5.2 shows the mechanical efficiency of 

normal manifold is less than CD manifold for the 

pure diesel at full load. Because higher fuel 

injection pressures increases the decrease of 

atomization. The fitness of atomization reduces 

ignition lag 
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   Load against Mechanical efficiency 

 

Load against Brake Thermal Efficiency 

 

7. Conclusion 

The performance characteristics of an IC engine 

without convergent divergent nozzle and with 

convergent divergent nozzle in the intake manifold 

were compared. A convergent divergent nozzle of 

various speeds N1400, N1500, N1500, CD1400, 

and CD1500 CD1600rpm 

 

1. The result for the variations in the brake specific 

fuel consumption (BSFC) is dispensed. For all the 

fuels the BSFC decreases with increasing load. The 

variations of BSFC are very small when using 

various speeds.  The highest BSFC values are 

0.91kg/kw hr and for CD1500, 0.8 kg/kW  hr. for 

CD1400 and 0.92kg/kW hr for CD 1600. Compare 

with normal nozzle values slightly give better 

results with convergent divergent nozzle.   

2. Brake thermal efficiency gives an idea about 

output produced by the IC engine with respect to 

heat supplied in the form of fuel. Brake thermal 

efficiency increases with load at all the fuels. 

The brake thermal efficiency values at maximum 

loads are 11.2% for N1400, 12.54% for N1500 and 

11.2% for N1600, 12.1% for CD 1400, 12.9%  for 

1500 and 12.6% for CD1600. Compare with 

normal manifold values, convergent divergent 

nozzle values are improves. 
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