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                                                   ABSTRACT 

 

The main objective of the project is to increase the performance of the engine 

and decrease the emissions from the engine, after testing the performance of 

biodiesel made by us in the sathyabama’s engine lab, a Comparison of 

emission and performance results is done between diesel and our biodiesel. 

The biodiesel was made by transesterification process using sesame oil and 

palm oil, then we made four solutions with different concentrations of diesel, 

biodiesel, propanol, and butanol. All these four solutions were tested in the 

engine lab. As far as the emissions, almost all the solutions under most of the 

loads in the engine were tested to show a significant reduction in emissions 

such as NOx, HC, CO2, and O2. However, there is a slight Increment in CO 

emission. from the performance point of view, in certain samples brake 

thermal efficiency was found higher than that of diesel, in a particular sample, 

specific fluid consumption was found to be similar to that of diesel. In 

conclusion our maximum brake thermal efficiency obtained is about 33.45% 

for S4, which is quite higher than that of baseline diesel 32.59 percent at full 

load. The SFC values of S1 are almost similar in comparison to diesel fuel at 

all load conditions. HC emissions of S1 are lower than the diesel fuel and 

other samples, at 0.875 KW load S1 emission is 5 ppm whereas diesel’s is 6 

ppm, and max load S1 is 12 and diesel is 16 ppm. CO2 EMISSIONS of S1 are 

lower than diesel fuel at every load condition. The best performing sample 

under no-load conditions is S3, remaining all other loads S1 is the best, at 

loads 0.875, 1.75, 2.62, and 3.5 KW, S1 values are 0.8, 1, 1.5, and 1.9 ppm 

respectively. NOX emission of S3 is lower than the diesel fuel in every load 

condition except in no-load conditions. At loads 0.875, 1.75, 2.62, and 3.5 KW, 

S3 values are 117, 207, 354, 412 ppm respectively whereas diesel values are 

156, 289, 421, and 526 ppm respectfully.CO at every load in every sample 

there is a slight increment than diesel emissions. At 0 load S4 the highest 

emission of 0.015 PPM, at 0.875 KW, it is S3 with 0.025 PPM, at 1.75 KW it is 

S1 with 0.035 PPM, at 2.62 KW it is S1 again with 0.05 PPM, at 3.5 KW it is 

S2 with 0.06.O2 emissions of all solutions are higher than diesel fuel at all 

load conditions. Highest O2 recorded was by S2 under no load condition, 
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which was 19.76 PPM, and least was by Diesel under max load condition 

which was 11 PPM. 
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CHAPTER - 1 

INTRODUCTION 

1.1 BIOFUELS 

BioenergyIis energy derived from biofuels. BiofuelsIsquare measure fuels made 

directlyIor indirectly from organic materialI– biomass – together with plant 

materialsIand animal waste. Overall, bioenergy covers roughly 100 percent ofIthe 

overall world energy demand. ancient unprocessed biomassIlike fuelwood, 

charcoal, and animal dung 2 accounts forImuch of this and represents the most 

supply of energy for an outsized range ofIindividuals in developing countries WHO 

use it chiefly for preparation and heating. More advancedIand economical 

conversion technologies currently permit theIextraction of biofuels from materials 

like wood,Icrops,and waste matter. BiofuelsIwill be solid, gassy, or liquid, despite 

theIfact that the term is commonly employed in the literatureIin a very slim sense 

toIrefer solely to liquid biofuels for transport. BiofuelsIcould also be derived from 

agriculturalIcrops, together with standard foodIplants or from special energyIcrops. 

BiofuelsImay be derived from biology, agricultural or piscary product orImunicipal 

wastes, also as from agro-industry,Ifood business, and food service by-

productsIandIwastes. A distinctionIis formed between primaryIandIsecondary 

biofuels. within the caseIof primary biofuels, like fuelwood,Iwood chips,Iand pellets, 

organic materials square measure employed inIAN unprocessed type, primarilyIfor 

heating, preparation, or electricity production. Secondary biofuels result from the 

process of biomass and embrace liquid biofuels like fermentation alcohol and 

biodiesel that may be employed in vehicles and industrial processes. Bioenergy is 

especially employed in homes (80%), to a lesser extent in business (18%), whereas 

liquid biofuels for transport still play a restricted role (2%). Even though the 

assembly of liquid biofuels for transport has big speedily in recent years it presently 

represents only one of total transport fuel consumption and solely 0.2 to 0.3% of 

total energy consumption worldwide. 
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1.2 BIODIESEL 

Biodiesel may be a clean-burning different fuel created from domestic, renewable 

resources. This biofuel may be a mixture of carboxylic acid alkyl radical esters made 

of vegetable oils, animal fats, or recycled greases. wherever on the market, 

biodiesel is utilized in compressionI-ignition (diesel)Iengines inIits pure kind with 

very littleIorInoImodifications. Diesel engines these days solely remotely 

correspond to the engine that applied scientists designed. His engine was initio 

designed to run on coal dirt. Moreover, for the primary few decades, they may run 

on the subject of something that will burn. while late because the 1970's, automotive 

diesel engines were very tolerant once it involves the fuel they may use. Today's 

diesel engines area unit way more economical and cleaner than the first versions, 

partially as a result of they run on a narrowly outlined fuel. It permits the engine 

manufactures to tune the equipment for improved potency. Biodiesel and fuel area 

unit terribly similar in their physical and chemical characteristics. they're similar 

enough that trendy diesel engines will run on biodiesel. We can mix Biodiesel with 

fuel at any magnitude relation. We can discover biodiesel blends like B20, that is 

two hundredth biodiesel and eightieth diesel, at truck stops and gas stations. mixing 

biodiesel with fuel ends up in a fuel that burns cleaner than diesel alone. everybody 

has seen those black clouds, or soot, gushing from the exhaust of a diesel truck 

once it's beneath load. However, after we mix biodiesel with diesel, the soot is 

reduced, and dirty diesels will become clean diesels. Biodiesel is created through a 

method within whichIorganically derivedIoils area unit combined with 

alcoholI(ethanol or methanol) within the presence of a catalyst to make alkyl group 

or alkyl radical organic compound. The biomass-derived alkyl group or alkyl radical 

esters is mingling with typical fuel or used as a neat fuel (100% biodiesel). Biodiesel 

is made of any oil, animal fats, waste vegetable oils, or microalgae oils. There are 

a unit 3 basic routes to biodiesel production from oils and fats:  

• BaseIcatalyzed trans-esterificationIof the oil. 

• DirectIacid catalyzed trans-esterificationIof the oil.  

• ConversionIof the oil to its fatty acids andIso to biodiesel 
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1.3 ADVANTAGES OF BIODIESEL. 

• ProducedIfrom Renewable Resources. 

• Can be Used in ExistingIDiesel Engines.  

• Less GreenhouseIGas Emissions (e.g., B20 reducesICO2 by 15%). 

• Grown,IProduced, and DistributedILocally. 

• CleanerIBiofuel Refineries.  

• BiodegradableIand Non-Toxic.  

• Better FuelIEconomy.  

• Reduced ForeignIOil Dependence.  

• Improved AirIQuality.  

• BiodieselIis Undoubtedly a Safer Alternative toIFossil Fuels.  

• BiodieselICould Possibly End Energy Crisis andIEnergy Politics.  

1.4 DISADVANTAGES OF BIODIESEL.  

• VariationIin Quality ofIBiodiesel.  

• Not SuitableIfor Use in LowITemperatures.  

• BiodieselICould Harm the Rubber Houses ofISome Engines.  

• BiodieselIis Way More Expensive thanIPetroleum.  

• Use ofIPetroleum Diesel to ProduceIBiodiesel.  

• Monoculture refersIto the practice of producing theIsame crop over and over 

again ratherIthan producing different crops.  

• Increased use ofIFertilizers.  
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CHAPTER - 2 

LITERATURE REVIEW 

 

From the experiment of Gossypium arboreum biodiesel conducted by S. Ganesan 

and team, we have observed that broadly speaking,Ithe GossypiumIarboreum 

oil,Icombined withIdiesel oil,Iprovides superiorIefficiency and aIsubstantial 

reductionIin CO2 emissions,Imaking itIthe perfectIchoice forIGossypium 

arboreumIoil blends GAOB20IandIGAOB30. 

TheIexperimental investigationIof combustion,Iperformance, andIemission 

characteristicsIof wheatIgerm oil andIits blends haveIbeen performedIon DIIdiesel 

engineIby Senthilkumar jayapalan and team, theIfollowing conclusionsIhave 

beenIdrawn. The CO2Iemissions are lowerIfor all theIdiesel-biodiesel blendsIand 

theImaximum reductionIof CO2 emissionIis forIsample 

6I(70%diesel+30%biofuel+30Ippm TiO2). TheIpercentage reductionIis moreIthan 

35%Icompared toIdiesel 

From the experiment conducted by Hemanandh janarathanam and team on 

influence of CNG emissions in copper coated catalytic converter in 4 stroke SI 

engine, TheIstainless-steel wireImesh coatedIcopper (whichIis theImetal 

catalystIagent) byIusing electroplatingIwhich providesIhigh conductivity,Iwithstands 

toIhigher temperaturesI(thermal resistance),Iand isIflexible. ThisIcoated SS-304I19 

wire meshIhas reducedIthe emissionsIsuch asICO2, HC,INOx, COIfrom theIbike. 

InIthe presentIwork, by Vemuri Sai Srikanth and team  theIexperiments 

areIconducted with suitableIbiodiesel, piston geometry,Iand EGRIdesign. 

WithIthese theIinvestigations areIconducted outIon a four-strokeIsingle-cylinder 

water-cooled,Icomputerized testIrig ofICI dieselIengine TheIBSFC forIRPOME 

15%IEGR isIdecreased aboutI8% comparedIto the standardIengine. ThisIis 

owingIto properIair-fuel mixingIin theIcombustion geometry.IThe BSFC forIRPOME 

15%IEGR is decreasedIabout 8%Icompared standardIengine. ThisIis owingIto 

properIair-fuel mixingIin theIcombustion geometry. 
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Our understandings from Ganesan Subbiah and team’s research is, GreyIrelational 

analysis mainlyIdeals withIthe objectiveIto "optimizeIa response whichIis 

influencedIby severalIindependent variables."IHomogeneous combustion 

catalystsIare thoseIadditives thatIare dissolved intoIdiesel fuelsIhomogeneously to 

playIa catalyticIrole duringIthe combustion processIof theIengine. The lemon 

DistilledIoil would beIone of theIsafe alternate fuelsIin the future.IBased on the 

ANOVAIresults, the parameterIof Nanocatalyst CeO2Icomposition showsI62 % 

followedIby Biodiesel blendI16%, BP 11%,Iand InjectionIPressure withI9%. 

CeO2Icomposition showsIthe majorIcontribution ofIengine performanceIand the 

LemongrassIoil blendIshows theIsecond mostIsignificant affecting parameter. 

ThisIstudy by S. Ganesan and team  investigatedIdiesel engineIemissions 

characteristicsIunder various engineIprocess parametersIsuch asICitronella 

oil,Iinjection pressure,Ibrake power, andIZnO wereItested. TheImain effects plotIfor 

both meanIof signalIto noiseIratio theIoptimized combination isIfound for 

variousIengine performanceIandIemissions. TheIexperimental data showsIthat at 

thisIcombination the engineIperformanceIis comparableIto that ofIdiesel. The 

emissionsIare less thanIthat forIdiesel. 

From the research  of Rajasekar Rajendran and team, we understood that 

CatalyticIconverter design andImodification ofIcatalytic materialsIcan be an 

alternativeIto overcome theIhigh air pollutionIproblem from theIautomotive 

transportation sectorIespecially particular carbonIMonoxide andINOx exhaust 

emission fromIthe diesel engine.IThe useIof zirconiumIand aluminaIcoated as a 

catalystIin the catalyticIconverter was significantlyIable to increaseIthe reduction 

ofIcarbon Monoxide andINOx exhaust emissions.IThe increase ofIcatalyst cell 

amountIdecreased the concentrationIof carbon monoxideIand NOxIexhaust 

emission. TheIoptimum design ofIthe catalyticIconverter was ableItoIreduce 

exhaustIemissions. 

The emissionsIwith HydrotreatedIWaste cookingIoil asIfuel recorded by 

Hemanandh Janarthanam and team showedIa reductionIin CO,IHC, CO2,INOx, 

Smoke,Ibrake specificIfuel consumptionIand increaseIin BrakeIthermal 

efficiencyIwhen comparedIwith PetroIdiesel asIfuel. Thus,Ithe aboveIexperiments 

helpIus to concludeIthat, 100%Ihydrotreated wasteIcooking oil canIbe used asIfuel 
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directlyIwithout any modificationIin the engineIleading to lesserIemissions and 

betterIperformance ofIthe dieselIengine. 

ThisIresearch study by S.P.Venkatesan and teamIgives theIsolution to 

plasticIwaste managementIand alternate fuelIto diesel.IThe wasteIplastic oil 

isIextracted fromIthe plasticIwaste by the pyrolysisIprocess toIwhich zeolite isIused 

asIa catalyst. FromIthe experimental results,Ithe blend havingIthe volume 

percentageIof 50% ofIdiesel, 30% ofIwaste plastic oilIand 20% ofIn-hexanol has 

shownIbetter performance amongIthe other blends.IFrom the experimental test,Ithe 

following conclusionIis drawn:I(1) Among theItested fuel itIwas observed thatIthe 

D50WPO30H20 blendIshows better performanceIamong all otherIblends and 

thereforeIthe brake thermalIefficiency of thatIblend was found toIbe 1.265% 

andI14.285%Iincreases whenIcompared with pureIdiesel and WPOIat full load.I(2) 

WhenIcompared withIpure dieselIand WPO, NOxIemission wasIfound to beI4.04% 

and 8.96%Ilower when theIengine runs with D50WPO30H20Iblends. (3) 

SmokeIemission was foundItoIbe 30%Ilower than dieselIand 40% lowerIthan 

WPOIwhen the engineIpower source withIthe D50WPO30H20Iblend.  

ItIis observed thatIthere isIan incrementIof 55% inIthe SFC, 9%Iincrease in brake 

thermalIefficiency, 76% decrementIin hydrocarbon emission,I10%Ireduction in 

emissionIof CarbonIdioxide, andI22% increase inIthe emissionIof oxidesIof 

nitrogen.IReduction of NOxIemissions with lowIviscous biofuel usingIexhaust gas 

recirculationItechnique by Rajasekar RajendranIand team, It was concludedIthat 

BE-3 withI75% diesel, 22I20% LG,I5% DEEIand 500ppmIof pyrogallol withI25% 

EGRIwas consideredIto haveIbetter performance and emissionIcharacteristics 

whenIcompared withIthe otherItwoIblends. 

Taguchi BasedIOptimization ofIDiesel EngineIParameters withIBlends of 

LemonIGrass oil withIZnO by S. Ganesan and team shows that, the 

activationIenergy ofIZinc oxideIacts to burnIoff carbon depositsIwithin the 

engineIcylinder at theIwall temperature andIprevents the depositionIof non-polar 

compoundsIon the cylinderIwall results reductionIin HC emissions.IThe tests 

revealedIthat Zinc oxideInanoparticles can beIused as additivesIin the diesel-

biodieselIblend to improveIcomplete combustion ofIthe fuel andIreduce the 

exhaustIemissions significantly., itIwas observed thatIthe multi-response 
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parametersIare optimized usingIgrey relational analysisIand convertedIinto a 

singleIresponse. To analyzeIthe experimental dataITaguchi ‘s methodologyIwas 

used. TheImain effects plotIfor both meansIof average grey gradeIand signal to 

noiseIratio the optimizedIcombination is foundIto be A3B1C3.IIn this particular 

combination,Iit is predictedIfrom the experimentalIdata that theIengine performance 

isIcomparable to thatIof diesel, moreover, theIemissions areIless than 

thatIforIdiesel. 

From the research of Ganesan Subbiah and team , ForIbetter BTHE, weIneedIto 

operateIthe engine underIthe conditions A1B3C1D3. xIfor lowISpecific fuel 

consumptionIand CO,Ithe engineIhas toIbe operatedIunder the conditionIA3B3C1 

D1Iand A3B2C1D2.Ix forIlow HC,Ian experimentIshould be conductedIwith MgOIin 

45Ippm, BPIin 3KW, 200I23 barIof injectionIpressure, L.B inI10% and forINOx, with 

MgOIin 15Ippm, BP inI4.4 KW, 200Ibar ofIinjection pressure andIL.B in 10%. 

J. Hemanandh and team’s experimentIresults showIthat engineItemperature 

decreasesIat higherIloads byI2°, NOx andICO decreasesIand thereIwas aImarginal 

increase inIHC and the exhaust temperature.IThe experimentsIconducted showed 

thatIthe refined 26Ipalm-olein biodiesel,Iwhen blended withIdiesel by varyingIthe 

pressure, resultedIin the desiredIpattern ofIemissions. 

From the experiment on Isynthesis of chickenIslaughter waste biodieselIin DIIdiesel 

engine by HemanandhIJanarthanam and team we can say that the 

biofuelIproduced hasIa lowIemission rate andIa decline inIthe fuelIprice. Biochar 

isIproduced as aIby-product duringIthe experiment thatIcould beIused as bio-

fertilizerIdue to theIrich nitrogen contentIto improve theIsoil quality in 

comparisonIwith pure diesel,Iit was foundIthat the blendIproduces less HC 

emissionIthan with aIyield ofI9.68% atI100% loadIcondition. 

 

Experiment on EnvironmentalIemission controlIin CIIengine usingIhydrotreated bio-

fuel in India, by IHemanandh Janarthanam and team’s Iresults showedIthat 

JatrophaIoil gaveIless emissionIand enhanced performanceIwhen compared 

withIrefined palm oleinIoil and PetroIdiesel. 25 The emissionsIof CO decreasedIby 
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14.26%Iand 28.57%IforIHTRPMB100 and HTJATB100Irespectively. TheIHC 

emissionsIof HTJATB100Iand HTRPMB100 reducedIby 57.5%Iand 52.6I% 

respectively. 
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CHAPTER – 3 

AIM AND SCOPE OF PRESENT INVESTIGATION 

 

3.1 AIM  

The primaryIaim of this paper is to study the emissions and performance 

characteristics of a direct injection Diesel engine using C3, C4 alcohols, and 

Biodiesel (sesame and palm oil). BrakeIthermalIefficiency (BTHE) and 

SpecificIfuelIconsumption (SFC) are also studied. 

3.2 SCOPE  

The scope of this work is to analyze theIperformance of the engine at different 

ratedIpower wasIevaluated inIterms of SpecificIFuel ConsumptionI(SFC),IBrake 

Thermal EfficiencyI(BTHE), and emissions characteristics such asIHC,ICO, 

CO2,Iand NOx. The biodiesel is made from sesame oil and palm oil by the 

transesterification process. The biofuel is tested in the DI Diesel engine.IThe 

engineIwas permittedIto run at noIload condition, inIthe beginning, theItest blends 

were added and the emission andIperformance characteristics for the sample were 

recorded. 
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CHAPTER – 4 

MATERIALS AND METHODS 

 

4.1 BIODIESEL PRODUCTION 

Biodiesel is made by the transesterification process. This Biodiesel is made from 

sesame oil and palm oil. The Biodiesel was prepared by mixing 60% of palm oil and 

40% of sesame oil, making it into a solution, then heating it until it reaches 60c, then 

adding the catalyst which is NaOH + Methanal (mixed in 1:6 ratio), maintaining it 

for 90 minutes then two layers will be formed, the top layer is crude biodiesel, and 

the bottom layer is crude glycerol, then those two layers were separated after that 

Biodiesel and water were mixed in 1:1 ratio and left that solution idle for 5 to 10 

minutes, then another separation happens, the top layer was biodiesel and bottom 

water, that biodiesel was separated and its PH value will be 7, now biodiesel 

solution will be heated to 110c then all the moisture will be gone, and the remaining 

product is the final biodiesel. 

4.2 SAMPLE PREPARATION 

A total of 4 samples were made with different ratios of biodiesel, diesel, and alcohol 

S1 = 75% diesel + 20% biodiesel + 2.5% propanol + 2.5% butanol 

S2 = 70% diesel + 20% biodiesel + 5% propanol + 5% butanol 

S3 = 65% diesel + 20% biodiesel + 7.5% propanol + 7.5% butanol 

S4 = 60% diesel + 20% biodiesel + 10% propanol + 10% butanol 

4.3  EXPERIMENTAL SETUP 

A single-cylinder,Iconstant speed, Direct Injection engine was used too evaluate 

theIengine performance and emission characteristics of sesame and  palm oil 

biodiesel. The diesel runs under different load conditions at a constant  speed of 

1500 rpm with the different blend proportions. The diesel engine  was directly 

attached with an eddy currentIdynamometer for varying the loads  from no load (0%) 

to full loadI(100%). Based on the engine power, theIengine  load isIvaried from a 
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no-load condition ofI0%,I25%,I50%,I75%Iand full load  condition of 

100%TheIengine loads are the varied manually with helpIof an eddy  

currentIdynamometer. The airflow rate was measuredIwith an airIdrum fitted with 

aIcalibrated orifice and theIfuel flow wasImeasured usingIvolumetric  calibrated 

buretteImethod. For fuel flow measurement,Itwo fuel tanks were  used;Ione is filled 

with pureIdiesel while trans esterified sesame and palm oil  biodiesel isIfilled in 

another fuel tank. AnIAVL smoke meter wasIattached to measure the smoke 

opacity and exhaust gas temperatures. TheItest rig was installed withIAVL indimicro 

softwareIto obtainIvariousIreadings and results during operation. A five-gas 

analyzer was usedIto measure the  emission characteristics such as HC, CO, CO2, 

O2 and NOx values from the  exhaust gas. The performance and emission tests 

were conducted at the  compression ratio of 17.5 and with rated power. 

The performance analysis ofIthe engine at  different rated powerIwas evaluated in 

terms of SpecificIFuel ConsumptionI (SFC), BrakeIThermalIEfficiencyI(BTHE) and 

emissions characteristics such asIHC,ICO,ICO2,Iand NOx. 

 

Fig.4.1: Experimental Setup 
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Fig.4.2: Engine Testing Lab 

Features 

• CR changing withoutIstopping the engine  

• No alterationIin Combustion chamber geometry  

• Water cooled EGR  

• Electric start with battery and charger  

• Arrangement for blend test 

Range of Experiments  

• Study of VCR engineIperformance  (Computerized mode)  

• Study of emissions with EGR variation  

• Study of combustion with different fuel Blends 

Utilities Required  

Electric supply  

230 +/- 10 VAC, 50 Hz, 1 phase  

Computer  

IBM compatible with standard configuration 

• P Θ  -PV plots, performance plotsIand tabulated results  

• Data logging,Iediting,Iprinting and export,IConfigurable graphs  

• IP,IIMEP, FPI indication,Icombustion analysis 
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Table 4.1: Specifications of the Test Engine 

Product  

 

VCRIEngine test setupI1 cylinder,I4 stroke, Diesel 
withIEGR (Comp.) 

Product code 234  

Engine  

 

MakeIKirloskar,IType 1 cyl., 4 stroke Diesel, water 
cooled,Ipower 3.5kW atI1500rpm, stroke 110mm, 
boreI87.5mm.I661cc,ICR17.5,IModified to VCR 
engineICR 12ItoI18. With electric 
startIarrangement, batteryIand charger  

Dynamometer  Type eddy current, water cooled 

Propeller shaft  With universal joints  

Air box  M S fabricated with orifice meterIand manometer 

Fuel tank Capacity 15Ilit withIglass fuel metering column  

Calorimeter  TypeIPipe in pipe  

EGR  Water cooled,ISS, Range 0-15%  

PiezoIsensor  RangeI5000 PSI, with lowInoise cable  

CrankIangleIsensor  Resolution 1 Deg,ISpeed 5500 RPM withITDC 
pulse.  

DataIacquisition device  NI USB-6210,I16-bit, 250kS/s. 

Piezo poweringIunit  ModelIAX-409.  

TemperatureIsensor TypeIRTD, PT100 and Thermocouple,IType K  

TemperatureItransmitter  RTD PT100,IRange 0–100o C,3 Nos; 
Thermocouple,IRange 0-1200 oC, 2 Nos  

LoadIindicator  Digital, RangeI0-50 Kg,ISupply 230VAC  

LoadIsensor Load cell,Itype strain gauge,Irange 0-50 Kg 

FuelIflowItransmitter  DP transmitter,IRange 0-500Imm WC  

AirIflowItransmitter  PressureItransmitter, RangeI(-) 250 mmIWC  

Software  “EngineSoft” EngineIperformance analysis software  

Rotameter  EngineIcooling 40-400 LPH;ICalorimeter 25-250 
LPH  

Pump TypeIMonoblock 

OverallIdimensions  W 2000Ix D 2500 x HI1500 mm  
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Optional  Computerized DieselIinjection pressure 
measurement withIinjection variation 0-25 deg 
BTDC  

 

4.4  ENGINE TESTING SOFTWARE  

EngineSoftIis LabVIEWIbased softwareIpackage developedIby Apex  Innovations 

Pvt. Ltd. for engineIperformance monitoring system. EngineSoft can serve most of 

the engine testingIapplication needsIincludingImonitoring, reporting,Idata entry, 

data logging. TheIsoftware evaluates power, efficiencies, fuelIconsumption and 

heat release. It isIconfigurable as per engine set up. Various graphs are obtained 

at differentIoperating condition. While on line testing ofIthe engine in RUN mode 

necessary signals are scanned, storedIand presented in graph. Stored dataIfile is 

accessed to viewI the data graphical and tabular formats. TheIresults and graphs 

can beI printed. The data inIexcel format can be used for further analysis.  

4.5 TEST RUN WITH COMPUTERIZED MULTI CYLINDER ENGINE SETUPS.  

• EnsureIthat all theInut bolts ofIengine, dynamometer,IpropellerIshaft, bass  

farmsIare propertyItightened.  

• EnsureIthat sufficientIlubrication oilIis present inIthe engineIsumpItank  

ThisIcan beIchecked markingIon the levelIstick.  

• EnsureIsufficient fuel inIfuel tank. RemoveIair inIfuel line,Iif any.  

• SwitchIon electric supplyIand ensure thatIPPU (Piezo poweringIunitIAX-409),  

DLUI(Dynamometer loading unitIAX-155). LoadIindicator andIVoltmeter are 

switched  

on.I31  

• StartIComputer andIopen "ICEngineSoft”I(Double clickI"ICEngineSoft" Iicon on 

theIdesktop) Select: File|IConfigure| Product.  

• InI"Configure the product”Iwindow selectI“Load Default”.  

• UnderI“Select File” chooseIyour Setup fromIdrop downImenu.  
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• Under "SetIParameters” studyIthe parametersIunder EngineISensors, 

CombustionIand PerformanceItabs ClickIonI"OK”.  

• Changing the Parameters.  

• If any parameter is to be changed Click "New/Change". Change the parameter 

under respective tabs After all changes click “Save & Apply”.  

Click "OK” to save changes.  

• Click "OK” again to reconfigure changes.  

• ReconfiguringItheIgraphs.  

• SelectIFile| ConfigureIGraph Under "Configure”Ithe GraphsIwindow I"Select a 

Configuration"Ifrom theIdrop-down menu.  

• Study the preset configuration of X axis, Y axis. graph ranges, for the selected 

graphs. Click “CLOSE & SET”. Configure the necessary parameters, ranges, 

as required. Click "SAVE” and then “Close & SET”.  

• Note three vertical tabs viz. Combustion Performance Report Under  Vertical 

Combustion tab horizontally following tabs are available:  

Combustion, Cylinder Pr. PV, Log PV and RPR etc. Similarly, under other  vertical 

tabs we get more horizontal tabs. StartIwater pump. AdjustIthe flowIrate of 

"RotameterI(Engine)” to 900-1000ILPH and "RotameterI(Colorimeter)” toI200-250 

LPHIby manipulatingIrespective globeIvalues providedIat theIrotameter inlet. 

EnsureIthat water isIflowing through dynamometerIat a pressureIof 0.5ItoI1 

Kg/cm2.I(For Hydraulic dynamometer atIa pressureIof 1.5Ito 2IKg/cm2).  

• KeepIthe DLU knobIat minimum position.IChange the FuelIcock positionIfrom 

"Measuring".  

• Tank".IStart the engine byIstarter keysIswitch and allowIit toIrun atIidling 

conditionIfor 4-5Iminutes. 

4.6 ONLINE DATA ACQUISITION.  

• ClickItoggleIswitch MoveItoI“Start/Stop”Ithe device communication.IGreen 
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•   colorIindicatesION condition ClickItoggle switchI*Measurement”ItoIStart/Stop 

dataIacquisition.IGreen colorIindicatesION condition.  

• EnsureIthatISpeed, TemperaturesIandIManometerIreading areIcorrectly 

displayedIon theIPC. TheseIreadingsIshould tallyIwith those displayedIonIIthe 

engineIpanel.  

• IncreaseItheIload on theIengine byIrotating knob onIthe DLUIand confirmIthe 

loadIreading onItheIindicator andIcomputer areIsame.  

• GraduallyIincreaseIthrottle toIfull openIcondition andIloadItheIengine 

simultaneouslyImaintainingIengineIspeed atI2000-2600IRPM.  

• WaitIfor steadyIstateIfor 3Iminutes andIensureIthat RPMI&ILoad isIconstant 

duringIthisIperiod.IChange theIFuel cock positionIfromI"Tank"Ito “Measuring”. 

ClickI“Log on”Ion. TheIfuel metering inION forInext 60Iseconds.IDuring firstI30 

secondsIenter engine.IWaterIflow, calorimeterIIjacket coolingIwaterIflow in 

LPHIClick "OK"Iafter recordingIfuelIreading.  

• EnterIthe fileIname underIwhich theIrecords toIbe stored.IThe firstIreadingIdata 

isInow saved. ChangeIthe FuelIcock position fromI"Measuring "Ito "Tank".  

• GraduallyIdecrease the loadItoIthe increase speedIin stepsIof 500IRPMIup  to 

4000IRPMImaximum and repeatIthe dataIloggingIfor each observation.  

• AfterIfinishingIall the readings simultaneouslyIdecrease theIloadIon theI engine 

byIDLU.IGradually decrease throttleIto fullIdownIcondition.  

• Click toggleIswitchI“Measurement” toIStop dataIacquisition in PCI(GreenIcolor 

indicates ONIcondition). ClickItoggleIswitch “Mode"Ito StopItheIdevice 

communication.  

• Click:IFile|Data|Close.IStop theIengine byIpressing engineIstop starterIkeys. 

Allow theIwater toIcirculate for aboutI5Iminutes forIengine coolingIand then 

StopItheIpump.  



17 
 

• Click:IFile|Data|Open.IonIPC,ISelect theIFileIunder whichItheIreadings are 

storedIandIclick "OK”.IToIview nextIreadings,Iclick “NextIData”. TheIresultsIare 

displayedIonIall the threeIscreens. 

• ReportIPrintingIClick "Report” tab to Performance generating ReportIEnterIFile 

nameIinI"Report File”ISelect CombustionIReport.Ithe ReportI Requirements viz. 

ResultIData, Observation Data,IGraph OnlyIOR GraphIIand Table.I(Note: If 

“GraphIandITable”) options Selected.  

• CombustionIReport,Ithe size ofIthe outputIfile forIprinting otherwiseIit  

becomesItooIbig. However,Iit canIbe viewedIinIExcel) Click:I File|Data|Close. 

afterIPrintingI& checking.IClick "Exit"Iand thenIShut DownIIthe computer.  

4.7 SMOKEMETER  

To take the readings from Smoke meter to ADCS Software kindly follow these 

steps: -  

• Kindly fill the details (Engine No, Model, Engine Type, Engine Speed). In 

respective text boxes given on the form. If you didn't check "Vehicle details”  

check box in Master data entry form all the Textboxes related to (Engine  No, 

Model, Engine Type, and Engine Speed) become disabled.  

• Click on "Connect button" to connect the PC with equipment and wait for 5-10 

second. If the readings are not coming it shows the message in red color  

• "Unable to Communicate with Equipment” kindly Check the following:  

• Be sure that Smoke meter model name display on screen is same as your  

Smoke meter if not kindly Master the model in Data Entry Form".  

• Check the COM port settings with PC and the Software in "Master Data Entry 

form”.  

• RS232 Cable for smoke meter is working property and connected with 

equipment.  
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• Readings are coming with equipment and display on remote of smoke meter.  

• According to "Time interval settings” in selection box, readings are automatically 

saves in database.  

• After taking the readings click on “Disconnect button”. it disconnects the 

communication with equipment and show the message “Disconnected”.  

• Report: Click on report button to take the rear of the test.  

• Print: Click on print button to take the printout of screen as bitmap image. 

• Export to MS Excel Sheet: To export data in excel sheet click on "EXPORT TO 

EXCEL” button When pressing export button, a excel file is generated at  path 

“C: \AVLFolder\" The file name of excel file is same as test date and  VIN no 

(Tuesday, January 06, 2009).  

• Close button: click on close button to exit from current active window or  screen, 

it takes time to close, so wait for 10-15 seconds for form window to close. 

 

Fig.4.3: Smoke Meter 
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Fig.4.4: Linearity Test 

4.8 GAS ANALYZER 

To take the readings from Gas analyzer to ADCS Software kindly follow the steps:  

• Kindly fill the details (Engine No, Model, Engine Type, Engine Speed) in 

respective text boxes given on the form.  

• Click on "Connect button” to connect the PC with equipment and wait for  2-3 

minutes. if the readings are not coming it show the message in red color  CO, 

HC power not communicating kindly check the following.  

• Be sure that gas analyzer settings in "MAHA Euro" mode.  

• Connect to COM port settings with PC and the software.  

• RS232 Cable is working properly and connected with equipment.  

• Readings are coming with equipment and display on panel.  

• After 6 seconds readings are automatically saved in database and status bar 

strip moving according to readings save in database.  

• After taking the readings click on “Disconnect button”. it disconnects the 

communication with equipment and show the message Saved Database.  

• Click on report button to take a part of the test.  
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• Print: Click on print button to take the printout of screen as bitmap image.  

• Export to MS Excel Sheet: To export data in windows sheet click on "EXPORT 

TO EXCEL” button. When pressing, export button excel File is generated in a 

path C:\AVLFolder file name of excel file is same as Test Date and VIN no 

(Tuesday, January 06, 2009_ 23).  

• Close button: click on close button to exit from current active window  screen. 

 

 

Fig.4.5: Five Gas Analyzer Reading  
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Fig.4.6: Five Gas Analyzer 
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CHAPTER – 5 

RESULTS, DISCUSSION, AND PERFORMANCE ANALYSIS 

 

The engine'sIperformance and emission analysis were carried out whenIfueled with 

sesame and palm oilIbiodiesel for four different volumetric fuel blends with dieselIat 

different loads and compared with diesel fuelIoperation. 

5.1 EMISSIONS  

Biodiesel has been shown to possess a bonus over petroleum-based dieselIin 

terms of emissions composition.ICombustion of biodiesel emits nominal to noISO2 

emissions, lessIpolyaromatic hydrocarbons, soot, and CO. Combustion potencyIis 

outlined because the ratioIof the energy free inIcombustion to the upper heating 

worth of the fuel. This potency can beIoptimized through changes of the air body of 

water to the burner which may conjointly impact final emission composition.  

Combustion potency isIadditionally a operate of the exhaust temperatureIand 

therefore the exhaust concentration ofICO2. High concentrations ofICO2 indicate 

that combustion goes towards completion and mostIof the fuel is being consumed.  

TheIstack temperature is directly associated with the amountIof settled soot and 

scale onIthe warmth transfer surfaces. With larger buildup of soot,Ithe conductive 

heatItransfer constant of theIsurfaces drops and additional helpful heat isIlost within 

the tack. For these reasons,Iit's vital to tune burners to maximize 

CO2Iconcentrations within the stack whereas minimizing the number of smokes 

made. 

5.2 NOX EMISSIONS  

Nitrogen OxidesI(NOx) are a bunch of extremely reactive gases, that include 

compounds starting from nitrous to acid. These compounds are primarily 

discharged in truck, car, station andIoff-road instrumentalityIexhaust. NoxIgases 

kind whenInitrogenIand oxygen fromItheIair react at the very highItemperatures 

andIpressures inside a combustion Icylinder, which might reach upItoI4000°FIand 
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300PSII(Johnson,I2015). In theIdirect injection ICE fuelIis sprayed intoIthe 

cylinderIIand forms small droplets.IOxygenIinteracts at theIboundary surface 

betweenItheIair and therefore the fuelIdroplets wherever the localizedItemperature  

quantity of oxygen and heat can lead to high levels of Nox formation. These c as a 

result of than gas throughout combustion,Ihowever with the implementation of 

chemical action converts in gas high-poweredIvehicles, diesels enginesIrelease 

additional NoxIgases to the Setting. 
 

 

Fig.5.1: NOX Vs BP 

The graph shows the comparison of NOXIemissions with BP (KW) for S1, S2, S3, 

S4Idiesel. NOxIemissions for S1, S2, S3, S4 areIsignificantly lowerIthan diesel 

emissions.     

Table 5.1: NOx Emissions of S1, S2, S3, S4, Diesel with loads. 

BP (KW) 0 0.875 1.75 2.62 3.5 

S1 (ppm) 83 132 198 257 374 

S2(ppm) 89 172 244 329 474 

S3(ppm) 67 117 207 354 412 

S4(ppm) 93 133 213 329 437 

Diesel (ppm) 56 156 289 421 526 
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The graph displays the change inINOx emissions withIBP (KW) forIS1,IS2,IS3,IS4, 

andIDiesel. NOxIemissions forIS1,IS2,IS3, and S4Iare significantlyIlower than 

dieselIemissions when the load is applied. S3Iout of all samplesIhas recorded a 

little over diesel-only when 0.875 KW load was applied. When no load was applied 

diesel actually emitted less NOx than all the solutions, but as the load was increased 

diesel emitted a lot of NOx when compared to other solutions. The least emission 

of NOx was produced with diesel when subjected to 0 load which is 56 PPM and 

the highest also by diesel when subjected to 3.5 KW load. At loads 0.875 and 1.75 

KW, S2 emitted 172 and 244 PPM respectfully which were a little higher when 

compared to other solutions at those Load. 

5.3 CO EMISSIONS  

CarbonImonoxide resultsIfrom the unfinishedIcombustion wherever the chemical 

reaction method doesn't occur fully. This concentration is essentially smitten by 

air/fuelImixture and its highest wherever the excess-air issue (λ)Iis a smaller amount 

than one.0 that's classified as wealthy mixture. It is often caused  particularly at the 

time of beginning and instant accelerationIof engine wherever  the wealthy mixtures 

are needed. within the wealthy mixtures, because of air  deficiency and chemical 

concentration, all theIcarbon cannot convertIto carbon  dioxide and be shaped 

COIconcentration. though COIis made throughout  operation in wealthy mixtures,Ia 

little portionIof CO is additionallyIemitted below  leanIconditions due to 

chemicalIkinetic effects.  

DieselIengines are leanIcombustion engines that haveIa systematically highIair– 

fuel quantitative relation (λI>I1). So,Ithe formation ofICO is bottom inIdiesel engines. 

None the less, COIis made if the droplets inIa very ICE areIlarge or if 

insufficientIturbulence orIswirl is made within the combustionIchamber.  

CarbonImonoxide is an inodorous and colorless gas. In humans, CO within the air 

is inhaledIby theIlungs andItransmitted into the blood. ItIbinds to hemoprotein and 

inhibits its capability to transferIoxygen. looking on COIconcentration within theIair, 

as so resulting inIasphyxiation, this could haveIan effect onIthe operate of various 

organs, leading to impairedIconcentration, slow reflexes,Iand confusion. 
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Fig.5.2: CO Vs BP 

 

Table 5.2: CO Emissions of S1, S2, S3, S4, Diesel with Loads. 

BP (KW) 0 0.875 1.75 2.62 3.5 

S1 (%) 0.01 0.02 0.035 0.05 0.055 

S2 (%) 0.01 0.025 0.03 0.042 0.06 

S3 (%) 0.013 0.027 0.0320.03 0.041 0.051 

S4 (%) 0.015 0.025 0.032 0.041 0.055 

Diesel (%) 0.008 0.013 0.018 0.023 0.029 
 

The graph shows the comparisonIof COIemissions with BP (KW) for S1,IS2,IS3, 

andIS4 diesel. COIemissions are formedIdue to air-fuelIequivalent ratio,Iinjection 

pressure,Ifuel type, and speed.IEvery sample has slightlyIhigher COIemissions 

than dieselIemissions. At no-load conditions, the highest CO emission is by sample 

4, and the least is by diesel which is 0.008 ppm. At 0.875 KW load S3 emitted the 

highest amount of CO which is 0.027 ppm whereas diesel is only 0.013. when the 

load of 1.75 KW was applied S1 recorded the highest emission which is 0.035 ppm, 

while diesel’s was only 0.018 ppm. At 2.62 and 3.5 loads S1 recorded the highest 

emissions 0.05 and 0.055 ppm respectively.
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5.4 O2 EMISSIONS 

 

Fig.5.3: O2 Vs BP 

 

Table 5.3: O2 Emissions of S1, S2, S3, S4, Diesel with loads 

BP (KW) 0 0.875 1.75 2.62 3.5 

S1 (%) 19.17 19.43 19.12 18.82 18.23 

S2 (%) 19.76 19.44 18.95 18.87 18.12 

S3 (%) 19.72 19.21 19.12 18.77 17.94 

S4 (%) 19.67 19.39 19.16 18.73 17.94 

Diesel (%) 18 19 15 12 11 
 

Figure 5.3 displays the changeIin O2Iemissions with theIBP (KW). The graph 

displays the change in O2Iemissions with theIBP (KW) for S1,IS2,IS3,IS4, and Diesel. O2 

emissionsIforIS1,IS2,IS3,IandIS4 have aIhigherIcontent than dieselIin everyIload 

condition. ThereIis an increasing pattern ofIO2 with theIincreasing load. Almost all samples 

have similar O2 content except diesel. Out of all samples, diesel emitted the least oxygen 

under all load conditions, at no-load conditions samples 1,2,3, and 4 emitted 19.17, 19.43, 

19.72, and 19.67 ppm respectively whereas diesel emitted 18 ppm. At max load conditions, 

diesel emits only 11 ppm whereas samples 1,2,3, and 4 emitted 18.23, 18.12, 17.94, and 

17.94 ppm respectfully.  
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5.5 CO2 EMISSIONS   

 

Fig.5.4: CO2 Vs BP 

Table 5.4: CO2 Emissions of S1, S2, S3, S4, Diesel with loads. 

BP (KW) 0 0.875 1.75 2.62 3.5 

S1 (%) 0.6 0.8 1 1.5 1.9 

S2 (%) 0.7 1.1 1.4 1.56 1.95 

S3 (%) 0.5 1.2 1.2 1.5 1.9 

S4 (%) 0.85 1.1 1.29 1.52 1.83 

Diesel (%) 1.6 1.73 1.96 2.21 2.482 
 

Figure 5.4 depictsIthe variationIof CO2 emissionsIversus BPI(KW) forIdifferent 

testIFuels. The graph depicts theIvariation of CO2 emissionsIversus BPI(KW) for 

differentItest fuels.IIt wasIrecorded that withIincreasing BP (KW) thereIis a slightIincrease 

in CO2 emission for all solutions. At higher loads, S2 has a little bit CO2 emission than 

other samples but overall all solutions under all conditions, the emission of CO2Iis lower  

that ofIdiesel. All samples,IS1,IS2,IS3, andIS4 performed better than diesel by emitting less 

CO2. When compared under different load conditions, the best performing sample under 

no-load conditions is S3 which is 0.3 ppm whereas diesel is 1.6 ppm, under 0.875 KW load 

best performing sample Is S1 with 0.8 ppm while diesel is 1.73 ppm, when 1.75 KW load is 

applied diesel emitted 1.96 ppm CO2 while best performing sample under this load is S1 

emitted only 1 ppm CO2, when maximum load is applied diesel’s CO2 emission is 2.482 

ppm, while S4’s emission is 1.83 ppm which is emission under max load (3.5 KW). 
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5.6 HC EMISSIONS 

HydrocarbonIemissions are composed of unburnedIfuels as a result of short 

temperature that happensIclose to theIcylinder wall. At now, air-fuelImixture 

temperature is considerably but the middle of theIcylinder. Hydrocarbons 

encompass thousands ofIspecies, like alkanes,Ialkenes,IandIaromatics. They’re 

usually declared in terms of equivalentICH4Icontent.  

DieselIengines usually emitIlow levels ofIhydrocarbons. DieselIhydrocarbon 

emissionsIoccur in the main at lightweight loads. The most important supply of light-

load organic compound emissionsIis leanIair–fuel admixture. InIleanImixtures, 

flameIspeeds could also be tooIlow for combustionIto be completed throughout the 

ability stroke,Ior combustion might notIoccur, and theseIconditions causeIhigh 

hydrocarbonIemissions.  

In Diesel engines, the fuel kind, engine adjustment, and style have an effect on the 

content of hydrocarbons. Besides, HC emissions within the exhaust gas depend 

upon irregular in operation conditions. High levels of instant modification in engine 

speed, untidy injection, excessive nozzle cavity volumes, and appliance needle 

bounce will cause vital quantities of unburned fuel to pass into the exhaust.  

Unburned hydrocarbons still react within the exhaust if the temperature is on top of 

600 °C and present, thus organic compound emissions from the piping could also 

be considerably below the hydrocarbons going the cylinder.  

HydrocarbonIemissions occurInot solely within theIvehicleIexhaust, however 

additionally within theIengine housing, the equipment, andIfrom region emission of 

vapors throughout fuelIdistribution andIdispensing. housing hydrocarbon 

emissionsIand phase transition lossesIof hydrocarbonIemissions have, severally, 

20–35 and 15–25 take some time piping organic compound emissionsIhave 50–

60Iyou look after totalIhydrocarbonIemissions.  

HydrocarbonsIhave harmfulIeffects on atmosphere and humanIhealth. With 

alternative waste matter emissions,Ithey playIa bigIrole within theIformation of 

ground-level gas. VehiclesIare to blameIfor regarding fifty you look after the 

emissions that kind gas.IHydrocarbons are cyanogenic withIthe potentialIto tract 

irritationIand causeIcancer.
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Fig.5.5: HC Vs BP 

Table 5.5: HC Emissions of S1, S2, S3, S4, Diesel with loads 

BP (KW) 0 0.875 1.75 2.62 3.5 

S1 (ppm) 3 5 7 9 12 

S2(ppm) 3 5 7 12 13 

S3(ppm) 2 7 9 11 14 

S4(ppm) 4 7 9 11 13 

Diesel(ppm) 2 6 10 15 16 
 

Figure 5.5Ishows a variationIof HCIemissions with LoadI(KW) of differentIbiodiesel 

blends. The graph shows the variationIof HCIemissions withILoad (KW)Iof different 

biodieselIblends. ItIis shown thatIwith anIincreasing load thereIis a decrease inIHC 

emissions for solutions whereas the opposite for diesel. At lower Loads, S4 emitted the 

highest HC, but as the Load increases HC emission of diesel increases, and S1, S2, S3, 

and S4 are in a similar range. When compared to diesel S1 performed very well, only under 

no-loadIconditions, the HCIemission is higherIfor S1 than diesel, in all other load conditions 

HC emission is lower for S1. For S2 also similar results as S1 when compared with diesel, 

we can say in all load conditions it performed better than diesel. In S3 and S4 cases, both 

performances are almost similar, in comparison to diesel S3s HC emissions is lower in all 

loads and no-load too, whereas for S4 only in the no-load condition its HC emission 

isIhigher than thatIof diesel, in all otherIloads its performance is better than diesel. 
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5.7 PERFORMANCE ANALYSIS  

5.7.1 Brake Specific Fuel Consumption (BSFC)  

The fuelIefficiency of anyIprime mover thatIburns fuel andIproduces rotational,Ior  

shaft,Ipower is typicallyImeasured with theIhelp of aIparameter calledIBrake  

SpecificIFuelIConsumption. It isItypically used forIcomparing the efficiencyIof 

internalIcombustion engines with aIshaft output. BSFC may be a live ofItheIfuel 

potency of anyIengine thatIburns fuel andIproduces movement powerIoutput.IThe 

BSFCIpriceIindicates however with efficiency theIengine convertsIfuel equipped 

intoIhelpful work.Ione in every of the most parameters accustomed verify the 

characteristicsIof biodiesel onIBSFC is hot price. the upper the hot price, theIlower 

the BSFCIas a result of a discount within the hot price of a fuel leads to an increase 

within theIfuel consumption forIattaining the correspondingIpower output. 

thoughIbiodiesel hasIhigher hot price howeverIstill it's lesserIthan diesel which 

endsIin higherIBSFC than theIdiesel oil in any respect hundreds.IAnother  

parameter thatIdecides the performanceIcharacteristics of biodieselIis that the 

OxygenIcontent gift withinIthe fuel. thisIis often as aIresult of aIhigher the next 

oxygenIcontent ofIbiodiesel helps toIfacilitate better combustion.IvariableIthe 

engine load additionallyIplays a vitalIrole in learning theIperformance 

characteristicsIof biodiesel. StudiesIhave shown thatIincreasing the engineIload 

from zeroIto full loadIshows a decreasingItrend within theIBSFC andItherefore the 

brakeIspecific energyIconsumption decreases.  
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Fig.5.6: SFC Vs BP 

Table 5.6: SFC Values of S1, S2, S3, S4, Diesel with loads 

BP (KW) 0 0.875 1.75 2.62 3.5 

S1 (Kg/kWh) 3.66 0.52 0.34 0.3 0.21 

S2(Kg/kWh) 3.09 0.51 0.32 0.31 0.24 

S3(Kg/kWh) 3.49 0.51 0.32 0.31 0.24 

S4(Kg/kWh) 3.23 0.58 0.36 0.25 0.04 

Diesel(Kg/kWh) 3.45 0.52 0.38 0.29 0.2 

 

In this Figure. 5.6 BrakeIPower (KW) isIplotted along XIaxis andISFC isIplotted 

alongIY axis.IThe variationIof SFC forIall testedIbiodiesel blendsIwith varying 

engineIloads is illustratedIin theIgraph.It wasIfound that withIincreasing BPI(KW) 

thereIis decreasing inISFC. When no load was applied S1 has the higher SFC of 

3.66 kg/kWh.AtIlower loads ofI0.875 kW,IS4 has a higherISFC thanIdiesel and 

otherIsamples, which was 0.58 kg/kWh.At 2.62 KW load diesel’s SFC was higher 

than that  
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5.7.2 Brake Thermal Efficiency (BTHE) 

The variationIof BTHEIwith loads forIdifferent fuels showsIthat BTHEIincreases with 

increaseIin % loadIdue to the reductionIin heat lossesIand increase inIpower with 

increasingIload. Brake thermalIefficiency can beIdetermined as BrakeIThermal 

EfficiencyI= (BrakeIPower *100%)/I(Fuel EquivalentIof Power). 

 

Fig.5.7: BTHE Vs BP 

 

Table 5.7: BTHE Values of S1, S2, S3, S3, S4, Diesel with Loads 

BP (KW) 0 0.875 1.75 2.62 3.5 

S1(%) 1.84 14.12 21.42 29.31 32.72 

S2(%) 1.68 16.75 22.44 30.96 31.57 

S3(%) 1.56 15.8 22.61 28.38 31.18 

S4(%) 1.38 15.24 24.55 31.42 33.45 

Diesel(%) 0 16.49 22.75 29.47 32.59 
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CHAPTER - 6 

SUMMARY AND CONCLUSION 

 

6.1 SUMMARY 

 AnIexperiment has beenIdone to findIthe performance andIemission of biodiesel 

andIits blend inIa single cylinder,Iconstant speed, directIinjection engine. The 

emissionItrends determined in thisIexperiment showed a differenceIbetween 

varying mixturesIof diesel and biodiesel.IDifferences were also foundIin the 

amountIof useful heat obtainedIfrom the fuels, whichIcould be indicativeIof the 

differencesIin the fuelsIenergy contents.  

6.2 CONCLUSION  

• TheImaximum brake thermalIefficiency obtained isIabout 33.45% forIS4, 

which isIquite higher thanIthat of baselineIdiesel 32.59 percent at fullIload.  

• TheISFC values ofIS1 are almost similar inIcomparison to dieselIfuel. SFCs 

ofIS1 are 3.66IKg/kWh, 0.52IKg/kWh, 0.34IKg/kWh, 0.3IKg/kWh, and 

0.213IKg/kWh at 0 KW,I0.875IKW, 1.75IKW, 2.62IKW, 3.5IKW. 

• HCIemissions ofIS1 are lowerIthan theIdiesel fuelIand otherIsamples, at 

0.875 KW load S1 emission is 5 ppm whereas diesel’s is 6 ppm, and max 

load S1 is 12 and diesel is 16 ppm. 

• CO2IEMISSIONSIof S1 are lowerIthan diesel fuelIat everyIload condition. 

The best performing sample under no-load conditions is S3, remaining all 

other loads S1 is the best, at loads 0.875, 1.75, 2.62, and 3.5 KW, S1 values 

are 0.8, 1, 1.5, and 1.9 ppm respectively. 

• NOXIemission ofIS3 is lowerIthan theIdiesel fuelIin everyIload condition 

except in no-load conditions. At loads 0.875, 1.75, 2.62, and 3.5 KW, S3 

values are 117, 207, 354, 412 ppm respectively whereas diesel values are 

156, 289, 421, and 526 ppm respectfully. 
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• COIat everyIload in everyIsample thereIis a slightIincrement thanIdiesel 

emissionsI. At 0 load S4 the highest emission of 0.015 PPM, at 0.875 KW, it 

is S3 with 0.025 PPM, at 1.75 KW it is S1 with 0.035 PPM, at 2.62 KW it is 

S1 again with 0.05 PPM, at 3.5 KW it is S2 with 0.06. 

• O2 emissions of all solutions areIhigher than dieselIfuel at allIload conditionsI. 

Highest O2 recorded was by S2 under no load condition, which was 19.76 

PPM, and least was by Diesel under max load condition which was 11 PPM. 

. 



35 
 

REFERENCES 

 

1. Exploration of performance and emissions characteristics of Gossypium 

arboretum biodiesel on diesel engine S. Ganesan a,⇑ , Obulareddy 

Yuvatejeswar Reddy b, Kontham Jyothiraditya Reddy b, Phadatare Rahul b 

a Department of Mechanical Engineering, Sathyabama Institute of Science 

and Technology, Chennai, India bDepartment of Mechanical Engineering, 

Vel Tech Rangarajan Dr.Sagunthala R&D Institute of Science and 

Technology, Chennai, India article info Article history: Received 20 February 

2021 Accepted 24 February 2021. 

2.  Influence of CNG emissions in copper coated catalytic converter in 4-stroke 

S.I. engine Cite as: AIP Conference Proceedings 2311, 040015 (2020); 

https://doi.org/10.1063/5.0034201 Published Online: 07 December 2020 

Hemanandh Janarthanam, Lilly Mercy Jayaraman, Ganesan Subbiah, 

Devaraj Rangabashiam, Sridhar Raja, B. Rakesh Kumar Reddy, and Swamy 

Saran.(3) 

3.  Investigations on the impact of EGR with a modified combustion chamber for 

CI diesel engine using biodiesel Cite as: AIP Conference Proceedings 2311, 

020004 (2020); https://doi.org/10.1063/5.0034514 Published Online: 07 

December 2020 Vemuri Sai Srikanth, S. Ganesan, and K. Vijaya Kumar 

Reddy.(4) 

4.  Multi-objective optimization of VCR diesel engine performance and 

emissions fueled with diesel-lime steam oil blends using grey relational 

analysis Cite as: AIP Conference Proceedings 2311, 020034 (2020); 

https://doi.org/10.1063/5.0034017 Published Online: 07 December 2020 

Ganesan Subbiah, R. Sathish Kumar, Devaraj Rangabashiam, Hemanandh 

Janarathanam, Venkatesan Sorakka Ponnappan, Beemkumar Nagappan, 

and K. S. Sreenivasan.(5) 

5.  Influence of nano catalyst on performance of DI diesel engine with blends of 

Citronella oil using Taguchi approach Cite as: AIP Conference Proceedings 



36 
 

2311, 020032 (2020); https://doi.org/10.1063/5.0034011 Published Online: 

07 December 2020 S. Ganesan, J. K. S. Sridhar Raja, N. Beem Kumar, J. 

Hemanandth, G. Senthilkumar, K. S. Sreenivasan, and R. Rajasekar.(6) 

6.  Optimum design of catalytic converter to reduce carbon monoxide emissions 

on diesel engine Cite as: AIP Conference Proceedings 2311, 040011 (2020); 

https://doi.org/10.1063/5.0034427 Published Online: 07 December 2020 

Rajasekar Rajendran, U. Logesh, N. S. Praveen, and Ganesan Subbiah.(7) 

7.  Performance and emission analysis of waste cooking oil as green diesel in 

4S diesel engine Cite as: AIP Conference Proceedings 2311, 020022 (2020); 

https://doi.org/10.1063/5.0034194 Published Online: 07 December 2020 

Hemanandh Janarthanam, Venkatesan Sorakka Ponnappan, Ganesan 

Subbiah, Purushothaman Mani, D. Suman, and M. Rajesh.(8) 

8.  Performance and emission characteristics of diesel engine using waste 

plastic oil with N-hexanol as an additive Cite as: AIP Conference 

Proceedings 2311, 020025 (2020); https://doi.org/10.1063/5.0034393 

Published Online: 07 December 2020 S. P. Venkatesan, J. Jeya Jeevahan, 

J. Hemanandh, S. Ganesan, R. Rajakavieswaran, and V. Saravanan(9) 

9.  Performance and emission characteristics of bio fuelled CI engine using 

palm oil and waste cooking oil Cite as: AIP Conference Proceedings 2311, 

020031 (2020); https://doi.org/10.1063/5.0034010 Published Online: 07 

December 2020 S. Ganesan, K. Vijai Anand, S. Sridhar Raja, J. 

Hemanandh, N. Beem Kumar, K. Shivan Srivastava, and Shone Biju.(10) 

10.  Taguchi based optimization of diesel engine parameters with blends of 

lemon grass oil with ZnO Cite as: AIP Conference Proceedings 2311, 

020036 (2020); https://doi.org/10.1063/5.0034021 Published Online: 07 

December 2020 S. Ganesan, S. P. Venkatesan, N. Beem Kumar, M. 

Purushothaman, J. Hemanandh, J. Senthilkumar, and G.Senthilkumar(11) 

 



37 
 

11.  Effect of nano additives in engine performance and emission characteristics 

using biodiesel fuel Cite as: AIP Conference Proceedings 2311, 020030 

(2020); https://doi.org/10.1063/5.0034008 Published Online: 07 December 

2020 Ganesan Subbiah, Hemanandh Janarthanam, Purushothaman Mani, 

K. S. Sridhar Raja, R. Periya Sakthivel, S. Sakthivignesh, and K. S. 

Sreenivasan. (12) 

12.  Vehicle Emission Analysis by using Refined Sunflower Oil as Alternate Fuel 

and Varying the Injection Timing in Diesel Engine J. Hemanandha, S. 

Ganesanb, C. Sathya Sai Puneethc and G. Venkata Sai Naga Manikankata 

Tejeshd Dept. of Mech. Engg., Sathyabama University, Chennai, India(13) 

13.  Experimental and synthesis of chicken slaughter waste biodiesel in DI diesel 

engine Cite as: AIP Conference Proceedings 2311, 020014 (2020); 

https://doi.org/10.1063/5.0034144 Published Online: 07 December 2020 

Hemanandh Janarthanam, Ganesan Subbiah, K. S. Sridhar Raja, 

Senthilkumar Gnanamani, Amarjit Roy, and Vineet Chougle.(14) 

14.  Environmental emission control in CI engine using hydro treated bio-fuel in 

India Cite as: AIP Conference Proceedings 2311, 020021 (2020); 

https://doi.org/10.1063/5.0034184 Published Online: 07 December 2020 

Hemanandh Janarthanam, Venkatesan Sorakka Ponnappan, 

Purushothaman Mani, Ganesan Subbiah, B. Shanjiit, and Tejual 

Krishna.(15) 

 

 

 

 


