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Abstract---Internal combustion engines in now a days the 

best available reliable source of power for all domestic, 

large scale industrial and transportation applications. The 

major issue arises at the efficiency and exhaust emission of 

these engines. Every attempt made to improve these engines 

tends to attain the maximum efficiency and minimum 

emission. The study is about the effects of air swirl in the 

cylinder on its performance and emission. In the present 

work a review of literatures about influence of air swirl in 

the cylinder upon the performance and exhaust emission of 

single cylinder direct injection diesel engine is presented. In 

order to achieve the different swirl intensities in the 

cylinder, three design parameters have been changed: the 

cylinder head, piston crown and inlet duct. 

Keywords: Diesel Engine, Air swirl, Cylinder, Efficiency, 

and Emissions. 

I. INTRODUCTION 

Internal combustion engines are the engines which burn the 

fuel inside it and produce the energy. Of all the engines the 

direct injection diesel engines have their own importance 

because of their higher thermal efficiencies than all the 

others. They can be used for both light-duty and heavy duty 

vehicles. 

Fuels are non-renewable resources of energy 

therefore the maximum usage of energy available from them 

is to be achieved. In internal combustion engines the 

efficient burning of the fuel i.e.., combustion of the fuel is 

required to increase the efficiency of the engine. To obtain 

efficient combustion the fuel injected is to be spatially well 

distributed throughout the entire space. This requires 

matching of the fuel sprays with the geometry of the 

combustion chamber to effectively make use of gas flows. 

Here air is made to swirl for better mixing of fuel and air 

which increases rate of mixing and reduces the combustion 

duration. The higher swirl reduces the soot emission at the 

cost of higher NOx level. 

The in-cylinder fluid motion in internal combustion 

engines is one of the most important factors in controlling 

the combustion process. It governs the air-fuel mixing and 

rate of burning in diesel engines. Therefore better 

understanding of fluid motion is critical for designing the 

engines with the most desirable operating and emission 

characteristics. 

Swirl, considered as a two-dimensional solid body 

rotation, persists through the compression and combustion 

processes. Many researchers have demonstrated that the 

decay of swirl in an engine cylinder during the compression 

process is relatively small so that the overall angular 

momentum of the swirl vortex is almost conserved [1]. 

It is well known that in DI diesel engines swirl 

motion is needed for proper mixing of fuel and air. 

Moreover, the efficiency of diesel engines can be improved 

by increasing the burn rate of fuel air mixture 
[1]

. This can be 

achieved in two ways; one by designing the combustion 

chamber in order to reduce contact between the flame and 

the chamber surface, and two by providing the intake system 

so as to impart a swirl motion to the incoming air [1,2]. 

II. LITERATURE SURVEY 

Chandrashekharapua Ramachandraiah Rajashekhar, Tumkur 

Krishnamurthy Chandrashekar, Chebbiyyan Umashankar, 

Rajagopal Harish Kumar [3] has investigated on the effect 

of the modified combustion chamber on turbulence to 

improve the combustibility of combustible mixture. They 

use tri-chambered piston for evaluating influence on the 

performance and emission characteristics using diesel 

blends as well. The test was conducted at CR = 17.5 at 

different injection pressures of 175, 200 and 225 bar. The 

experimental results shows that the modified piston at 200 

bar injection pressure gives enhanced performance and 

lower emission compared to the standard piston. 

C .V. Subba Reddy K. Hemachandra Reddy C. 

Eswar Reddy [4] carried out analysis on the effect of 

tangential grooves on piston crown on the performance and 

exhaust emission characteristics of preheated cotton seed oil 

and compared with diesel  fuel and cotton seed oil. From the 

experimental results they shows that brake specific fuel 

consumption decreases, thermal efficiency of engine slightly 

increases, reduction in CO emission due to higher swirl 

motion and Due to higher operating temperatures and with 

the oxygen presents in the combustion chamber, the NOx 

emission is slightly higher when operating on preheated 

cotton seed oil with tangential grooves on piston crown. 

V.V. Prathibha Bharathi1 and G. Prasanthi [5] have 

worked on the influence of the air swirl in the cylinder upon 

the performance and emission of a diesel direct injection 

engine. The study shows the effect of modified piston crown 

to enhance turbulence in the cylinder. The intensification of 

swirl is done by cutting grooves on the crown of the piston. 

3, 6, and 9 grooves were used to intensify the swirl for better 

mixing of fuel and air. The results show that The 

Configuration GP 9 enhances the turbulence and hence 

results in better air-fuel mixing process among all three 

configurations of diesel engine. As a result, the thermal 

efficiency is increased and SFC and soot emission are 

reduced, although the Nox emission is increased owing to 

better mixing and a faster combustion process. Globally, 

since the reduction of soot is larger than the increase of 
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NOx. It can be concluded that piston with 9 groove is the 

best trade-off between performance and emissions. 

Antony Raj Gnana Sagaya Raj, Jawali 

Maharudrappa Mallikarjuna, Venkitachalam Ganesan [6] 

has investigated on the crucial role of the piston 

configuration on air motion inside the cylinder from the 

point of view of energy efficiency. For the study they use 

CFD analysis of in-cylinder air motion and compared it with 

the experimental results available from literature review. 

Four configurations viz., flat, inclined, central bowl and 

inclined offset bowl pistons have been used. From this 

analysis it is concluded that a central bowl on flat piston is 

found to be the best from the point of view of tumble ratio, 

turbulent kinetic energy, turbulent intensity and turbulent 

length scale which play very important role in imparting 

proper air motion for increasing the energy efficiency of the 

engine. 

V. V. Prathibha Bharathi, Dr. G.Prasanthi [7] study 

on the influence of air swirl in the cylinder by using 

different piston geometries upon the performance and 

emission of a single cylinder direct injection diesel engine. 

In the present study 6, 9 and 12 grooves were cut on the 

piston crown to intensify the swirl for better mixing of air 

and fuel. This study investigates that the piston with 9 

grooves gives better performance in all aspects. 

Wendy Hardyono Kurniawan, Shahrir Abdullah, 

Kamaruzzaman Sopian, Zulkifli Mohd. Nopiah and Azhari 

Shamsudeen [8] have investigate the effect of piston crown 

inside the combustion chamber of a 4-stroke D.I. automotive 

engine under the motoring condition by using CFD 

simulation.  The analyses are dedicated to investigate the 

outcome of the piston shape differences to the fluid flow and 

turbulence characteristics for air-fuel mixture preparation in 

the terms of swirl and tumble ratio, turbulence kinetic 

energy, turbulence dissipation rate and turbulence viscosity 

along the degree of crank angle occurred inside the engine. 

Two different piston bowls for certain engine speeds were 

considered to be compared to evaluate the parameters 

produced during intake and compression stroke. 

Veeresh M Kodekal, SudeepKumar K S, C R 

Rajashekar [9] has worked to investigate the effects of 

induced turbulence, torque and bio-diesel mixture 

proportion on performance and combustion characteristics 

of bio-diesel fuelled CI engine by using a rotating blade. A 

rotating blade has been provided in the crown of the 

reciprocating piston in the main combustion chamber. The 

oscillation of the connecting rod causes the blade to rotate 

by an angle of 60˚. From the experiment, it is evident that 

biodiesel J20 (20% jantropha oil blended with 80% diesel on 

volume basis) giving the better performance, higher thermal 

efficiency and slightly lower the specific fuel consumption 

among all the biodiesel blends and pure diesel for modified 

piston. 

V.V. Prathibha Bharathi and Dr. Smt.G. Prasanthi 

[10] carried out an analysis on the effect of modified piston 

crown on the performance and emission characteristics of a 

Diesel Engine fuelled with Karanja Biodiesel K20 (20% 

Karanja oil blended with 80% diesel on volume basis). In 

the order of number of grooves 3, 6 and 9 are used to 

intensify the swirl foe better mixing of fuel and air. From 

the experiment results are drawn based on the effect of air 

swirl in the cylinder compared to normal engine. From the 

investigation, it is evident that out of all piston 

configurations tested in the single cylinder D.I. Diesel 

Engine, piston with 9 grooves with Karanja Biodiesel K20 

gives better performance in all the aspects. 

Dr. K. Hemachandra Reddy, Dr. M. Srinivasa 

Reddy [11] has worked to investigate the effect of piston 

bowl shape on NOx emission from DI Diesel engine by CFD 

prediction. For this analysis Toroidal Bowl (TB) and Central 

Lip Squish Bowl (CLSB) have been used. From this 

analysis it is concluded that NO emission with TB is higher 

than that of CLSB. The analysis investigates that the CLSB 

is better than TB. 

Katsuhiko MIYAMOTO, Yoshiyuki HOSHIBA, 

Kiyotaka HOSONO, Syunichi HIRAO [12] have worked on 

the improvement of combustion by means of changes in 

piston shapes. By using squish piston the thermal efficiency 

is forced up to reduce the fuel consumption and increase the 

combustion speed with low engine loading and that squish 

reduces the knock at high engine loading. During full load 

condition, it was confirmed that not only reduced knock but 

also piston shape forced up the improvements in volumetric 

efficiency. The benefits were evaluated experimentally and 

through the analysis of in-cylinder flows. From this can 

understand that the effects of the heights and shapes of 

squish areas and of the effects of the parts of a squish 

piston’s crown outside the squish areas was gained. 

B.V.V.S.U. Prasad, C.S. Sharma, T.N.C. Anand, 

R.V. Ravikrishna [13] worked on the effect of swirl induced 

by re-entrant piston bowl geometries on pollutant emissions 

from single cylinder diesel engine by CFD simulation. 

Several piston bowl geometries with varying levels of re-

entrancy and different heights of central projections were 

simulated. A highly re-entrant piston bowl and without a 

central projection was found to be the best for swirl and 

turbulent kinetic energy (TKE) intensification around TDC. 

An injection timing of 8.6˚ crank angle (CA) before top 

dead centre (BTDC) was found to be optimum since it lead 

to a 27% reduction in NOx emissions and 85% reduction in 

soot levels as compared to the baseline configuration. 

III. CONCLUSION 

In this paper, a literature review on effect of piston geometry 

on performance and exhaust emission from diesel engine is 

presented. By changing piston geometry the turbulence 

increases and hence results in better air-fuel mixing 

compared to normal piston of diesel engine. From literature 

survey, different findings are concluded. 

 More power output is derived from the same given 

charge operating on the same compression ratio. 

 Lesser smoke due to complete combustion. 

 Lesser carbon deposits in the combustion chamber, 

piston crown and exhaust system occur due to 

controlled complete combustion. 

 Exhaust gas temperatures is lower due to quicker and 

even flame propagation. 

 There is better fuel economy due to improved and 

complete combustion. 
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