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ABSTRACT: 

Inrecentyears,duetoincreasingdemandforfueleconomyandtighteninglegislationforemissions,there

hasbeengrowingrequirementtodevelopmoreefficientandcleanerenginesinashortertimescale.Comp

utationalFluidDynamics,asarapidandcosteffectivetool,isbeingincreasinglyusedindifferentstagesof

enginedesignandoptimization.ByusingCFDtoolseffectivelyitiseasytopredictandanalyzevariousdet

ailsthataretechnicallydifficultlikeincylinder process offuel combustion , temperature & pressure 

distribution and 

emissionsetc.priortoexperimentalteststoreducethenumberofinvestigatedparametersaswellastimean

dthuscost.HereinourapproachwehaveusedSpeciesTransportModelofANSYStofindthecomplexphe

nomenonofincylinderprocessofcombustion,temperatureandpressuredistribution,NOx,CO2,HC,CO

emissionsetc.TheprocessiscarriedoutatdifferentinjectiontimingoftheDiesel 

liquid,thecasesconsideredare 

1. Injectionat2 degree afterTDC, 

2. Injectionat5Degreeb TDC, 

3. Injection at 10 Degree b TDC. Once we get an optimized value of Injection than 

ethanol,methanol and diesel are added in order to increase the efficiency of the combustion and 

thus stillreducetheNOx, CO2,HC,COemissions inbronzecoatedand noncoated piston 
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Introduction: 

TheInternalCombustionC.I enginesassumeavitalpartinthefieldsoftransportationofproducts and 

travelers, farming furthermore, industry. They create control by devouring valuablenon-

renewable energy sources and cause contamination. Among distinctive sorts of motors, 

theimmediate infusion (DI) diesel motor shows the best efficiency along with least motor 

outoutflows. Endeavors have been put to enhance debilitate outflows and mileage consistently. 

Theperplexing errand of enhancing C.I engines, which have achieved a higher level of 

advancement,canbeaccomplishedbymixofpropelledtestsandcomputationalinvestigations.Currentt

echniquesfortestexaminationsarebeingcreatedtogivemoreunderstanding.Thedemonstratingofburni

ngmotorproceduresisvaluabletocompletebroadparametricexaminations, as opposed to equipment 

advancement and Experimentation. Contingent upon thedifferent conceivable applications, 

distinctive sorts of models for motor ignition forms have beencreated. Quick Increase in 

contamination levels, increment of fuel costs, and consumption ofhydrocarbon stores of the 

world have constrained the designers to search for fitting innovationandoption fills to 

givetotheconsistently expanding requests ofvitality. 

The combustion simulation of CI engine was developed using fluent software ANSYS and 

thevarious equations of the multidimensional model were solved by the software automatically. 

Themain inputs include engine speed, injection details, bore, stroke, connecting rod length, 

initialpressure and temperature. The program concerning the simulation model predicts the 

cylinderpressure, cylinder temperature, heat release rate, emission etc. The results including 

graphs andvarious contours (temperature, pressure etc) were generated by fluent software as 

outputs to theprogramforgiven inputs. 

Literaturereview 

From the review of literature, it can be noted that, design of inlet manifold configuration 

andpiston geometry is very important in a CI engine. Hence, this study looks up on the effect 

ofhelical-spiral combined configuration with different piston configurations on the induced 

meanswirl velocity in the piston bowl at TDC, swirl ratio during suction and compression 

stroke,turbulentkineticenergyvariationand volumetricefficiency atenginespeed1000rpm. 
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Objectiveofthepresent study: 
 PerformCFDSimulationoftheCIenginewithinletvalve,intakemanifold(Helical-

spiralcombination) andpistonusingdynamic mesh approach. 
 Studytheeffectofdifferentpistonheadconfigurationsonthein-cylinderflow-(onlyintakeand 

compression stroke). 
 Compareeffectofdifferentpistonheadconfigurationsonvolumetricefficiency,turbulenceand 

swirl andtumbleratio in theengine. 
 
MaterialsandmethodsforCFDapproach 

 
CFDflowanalysisofenginepistonwithdieselasfluid: 

 
Turbulentkineticenergy at600crankangle 

 

Turbulentkineticenergy at1600crankangle 
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Turbulentkinetic energyat2400crankangle 
 
 
 
 

CFDflowanalysisofenginepistonwithmethanolasfluid: 
 
 

Turbulentkineticenergy at600crank angle 
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Turbulentkinetic energyat1600crankangle 
 
 
 
 
 
 
 
 
 
 

Turbulent kinetic energy at 2400crank 

angleCFDflowanalysisof enginepistonwithethanolasfluid: 
 

 
Turbulentkineticenergy at600crank angle 
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Turbulentkineticenergy at1600crank angle 

 

Turbulentkineticenergy at2400crank angle 

 
TableshowstheNOxemissionsreleasedatdifferentpointsduetodieselasfuelused 

 

Types 
offluid
s 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

minimum maximum minimum maximum minimum Maximum 

Diesel 0.014 101.061 0.094 143.118 0 14.271 
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TableshowstheNOxemissionsreleasedatdifferentpointsduetomethanolasfuelused 
 

Types 
offluid
s 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

minimum maximum minimum maximum minimum Maximum 

Methanol 0.001 100.164 0.1 135.005 0 14.518 
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ethanol 
160 
140 
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ethanol 

MinimummaximumminimumMaximumminimumMaximum 

Emissionsat60 Emissionsat160 Emissions at 
240degreescrankangledegreescrankangledegreescrankangle 

TableshowstheNOxemissionsreleasedatdifferentpointsduetoethanolasfuelused 
 

Types
offlui

ds 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

Minimum maximum minimum Maximum minimum Maximum 

ethanol 0 102.004 0.007 139.093 0 14.974 
 
 

 
 
 

Table shows the variations in NOx emissions released at different points due to use 

ofdifferentfuel used 

Types 
offluid
s 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

minimum maximum minimum maximum Minimum Maximum 

Diesel 0.014 101.061 0.094 143.118 0 14.271 

Methanol 0.001 100.164 0.1 135.005 0 14.518 

ethanol 0 102.004 0.007 139.093 0 14.974 
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Variations in NOx emissions released at different points due to use of different fuels 

atdifferentcrack angles 

 
Table shows the variations in CO2 emissions released at different points due to use 

ofdifferentfuel used 

 
 

Types 
offluid
s 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

minimum maximum minimum maximum Minimum Maximum 

Diesel 0.010 98.061 0.094 125.118 0 12.971 

Methanol 0.001 89.164 0.1 121.185 0 12.18 

ethanol 0 85.04 0.003 118.53 0 12.42 
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Variations in CO2 emissions released at different points due to use of different fuels 

atdifferentcrack angles 

 
 

Table shows the variations in CO emissions released at different points due to use 

ofdifferentfuel used 

Types 
offluid
s 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

minimum maximum minimum maximum Minimum Maximum 

Diesel 0.008 99.061 0.081 127.118 0 11.71 

Methanol 0.001 89.164 0.1 120.185 0 11.69 

ethanol 0 85.004 0.001 117.30 0 11.52 
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Variations in CO emissions released at different points due to use of different fuels 

atdifferentcrack angles 

 
Table shows the variations in HC emissions released at different points due to use 

ofdifferentfuel used 

Types 
offluid
s 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

minimum maximum minimum maximum Minimum Maximum 

Diesel 0.006 95.061 0.079 125.118 0 10.61 

Methanol 0.001 90.164 0.1 121.185 0 10.39 

ethanol 0 79.004 0.001 110.30 0 10.02 
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Variations in HC emissions released at different points due to use of different fuels 

atdifferentcrack angles 

 
Table shows Ethanol emissions at different crank angles for different gases like NOx, 

CO2,HC,CO 

Types 
offluid
s 

Emissions at 
60degreescrankang
le 

Emissions at 
160degreescrankan
gle 

Emissions at 
240degreescrankan
gle 

minimum maximum Minimum Maximum Minimum Maximum 

Ethanol 
in NOx 

0 102.004 0.007 139.093 0 14.974 

Ethanol 
in CO2 

0 85.04 0.003 118.53 0 12.42 
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VariationsinEthanolemissionsreleasedatdifferentpointsofcrankangleduetouseofdifferentga

ses 
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Conclusions: 

From the above Results we can conclude that the Maximum emissions in occurs when the fuel 

isinjected at least 160 degree Crank angle for Diesel. Ethanol is giving the better result in 

reducingthe emissions while in all cases of crank angles in all the cases of emissions considered 

for thegases such as NOx, CO2,HC, and CO and Ethanol is giving lesser emissions HC so from 

ouranalysiswefound thatthe ANSYSwashelpfulingiving good resultsfor thecombustionmodeling. 

The addition of Ethanol has been has that has reduced emission. So in future if Indiaimplemented 

ethanol as fuel will be consider to be more effective than the neat diesel in 

everyaspect.Ithasalsobeenconsideredaccording tothe production, andsupply of theethanol inIndia. 
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