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Abstract

In  contemporary industrialization, the prevalent
occurrence of energy crises and emissions poses
significant challenges, necessitatingthe exploration of
alternative fuel sources and the implementation of
measuresto minimisehazardousemissions.Theseefforts
are crucial for attaining the sustainable development
goalssetforth by the United Nations.Thecurrent studyis
to empiricallyexaminethe effects of a newly developed
biofuel on the operational charactersof a CRDlengine
with this investigation will involve the utilisation of
different mixtures of pedicel oil at various brake mean
effective pressures.The generationof oil from bio-waste
collectedfrom industry in Guntur Mirchi-yard, pedicel of
dried hot peprica or chilli using Soxhlet extraction
method. After the synthesis, the characterization of
Pedicelbio-oil (PBO)is done using gas chromatography
mass spectrometry (GCMS)and results are estimated
using standard ASTM methods. After characterization,
bio-oil is converted to pedicel bio-diesel (PBD)using a
transesterification process. When the engine was
operated using a combination of 80% diesel and 20%

pediceloil (referredto asthe D80B2Mblend),it resultedin
a notable improvement in brake thermal efficiency by
1.6%. Additionally, this blend led to a reduction in
emissionsof oxidesof nitrogen by 6.7%.However,it is
worth noting that smoke levels marginally increased
under full-load conditions with a 500 bar fuel injection
pressure(FIP).The D80B20fuel mixture exhibited a 7%
reduction in hydrocarbon emissionscomparedto pure
diesel fuel when the engine was operating at maximum
loadwith anignition timing of 23 beforetop deadcentre.
This numerical analysisclearly showsthat D80B20at IT
23 bTDCand FIP500 bar give better results. Althoughit
doesn'tneed any engineadaptations,the biodieselmade
from leftover chili pedicelis a viable dieselreplacement
fuel.

Keywords: waste pedicel biodiesel, GGMS, CRDIlengine
andemissioncontrol.

Nomenclature

ASTM  AmericanSociety EGT ExhausGas
for TestMaterials Temperature
PB20 20%Pedicel HSD HighSpeedDiesel
Biodieseh 80%
Diesel
PB30 30%Pedicel CA CrankAnglein degree
Biodieseh 70%
Diesel
BTE BrakeThermal NOx Oxideof Nitrogen(ppm)
Efficiency
bTDC  BeforeTopDead HC Hydrocarbon(ppm)
Center
CR CompressioiRatio  CO Carbonmonooxid€%)
IT InjectionTiming SO SmokeOpacity(%)

1. Introduction

One of the greatestworldwide challengesover the past
decade has been the usage of fossil fuels for power
production.Oneof the greatestvital assetdor humankind
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and its continued growth is energy [Uyumaz202(. The
energy issueis a major worldwide issue. Becausethey
provide a considerable quantity of energy, fuels are
essential Petroleumand natural gasare example<of fossil
fuels, which are the primary energy sources. Eighty
percentof the planet'senergycomesfrom fossilfuelsdue
to extensive usage of diesel machinery [Perumal and
llangkumaran 2017]. An experimental investigation is
doneon CRDDieselEngine B20and B30asthe fuel for 0
to 100%Load conditionsat IT 23 bTDC,1500 rpm, and
combustionas well and dischargeparametersare found
compared with the neat diesel (D100). Several
investigators carried out research to determine the
influence of different variants on combustion, engine
efficiency,and emissiongparameters.Thestudy'sfindings
suggestedthat using a biodiesel blend could aid in
lowering CO, NOx, and PM dischargeswhen sustaining
engine performancewithin saferanges[Canet al. 2017.
In comparison to diesel fuel, we found that using
Pongamiabiodieselreduced emissionsof smokeand CO.
HigherO2 content and reducedS content are blamed for
the decreasein emissions.Pongamiabiodiesel exhibited
no visible effect on various performance parameters
indicating that the fuel might be used as an acceptable
substitute for diesel sans negatively impacting engine
effectiveness [AbuHamdeh and Alnefaie 2019.
Researchersainalyzedthe combustible characteristicsof
canolabiodieselcombinations.The study discoveredthat
while sustaining comparable engine performance, the
variants led to reduced emissionsof CO,HC, and PM
[Nantha Gopal and Thundil Karupparaj 2015. The
research also revealed that increasingthe amount of
canola biodiesel might reduce NOx emissions. Some
investigationsassessedhe functionality of 2 fuels which
were almond oil and palm oil. The almond oil emits less
greenhousegasescomparedto the palm oil [Prabuet al.
2018. When comparedto diesel,the blendsled to fewer
dischargesOn engineperformancemetricsincludingfuel
usage for brakes, the fuel blends had no appreciable
impact [Dharet al. 2014. Accordingto the study, higher
Pongamia biodiesel compositions could represent an
acceptable substitute for diesel, but additional
investigationis neededto enhanceengineoperation and
minimize emissions.The study outlined in this journal
article looked at the usageof n-butanol asa supplement.
Theinvestigatorsexaminedthe efficiencyand discharges
of biodieselwith and without n-butanol as an addition.
The addition of n-butanol to biodiesel elevated engine
efficiencyby raisingBTEand decreasing=C[Lei Zhuet al.
2011). The researchers tested biodiesel blends to
determine how fuel injection pressures,timings, and
compressiorratios affect dieselengineperformance.The
testing findingsshowthat a 20%biodieselblend performs
best at CR 20, 25 bTDCinjection time, and 200 bar
injection pressure Biodieselandits mixtureswere studied
for performance, emission, and combustion. [Jagadish
20164. Researchershave discovered that waste fatty
molecules can produce high-quality gasoline. Modern
common rail direct injection (CRDI)enginesfavour bio-
constituent blends with 75% biofuel, although diesel
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enginesmay lose efficiency. Animal fat-based biodiesel
blends had 13% higher brake-specific fuel consumption
than the baseline.The biochemicalstability of rapeseed
oil-diesel mixtures has improved. All of the biodiesels
examinedreduce brake fuel conversionefficiencyby 2%.
Biodiesel and diesel lower emissions significantly.
Rapeseed oil biodiesel/diesel blends reduced HC
emissions by 12%, CO emissions by 19%, and CO2
emissionsby 5.3%.[Dudaet al. 201§. The researchers
tested Calophylluminophyllum biodieseland dieselin a
CRDUdieselengine.The study found that raisingthe pilot
injection rate from 5%to 15% might reach 36.85%BTE.
Pilot injection of 15%reduced HC and CO emissionsby
53.60%and 44.70% espectively comparedto dieselfuel.
Thus,the EGR10%rate with 15%pilot injection reduced
NOx emissionsby 10.5%. Pilot injection should be 15%
and EGR10% for best engine performance [Susanth
Kishnaet al. 2019. The use of n-butanol led to lower
discharge®f CO,NOx,and PM. Someresearcherstudied
the functionality, ignition, and dischargeparameters of
Karanja biodiesel combinations were analyzed. The
implementationof blendsresultedin a drop in BTEand a
risein BSFCIn Karanjabiodieselblends,however,SO,CO,
and HC levels reduced but NOXrose. In general, the
researchemphasizediodieselas a viable substitute fuel
supply. It also emphasizesthe need to address the
associated drawbacks, such as lower efficiency and
increased NOx emissions[Rajeshet al. 202(. In this
journal, we studied the DI CI engine operated with
ethanokbiodieselcombinations.Ethanol,when usedasa
biodiesel, can offer several benefits over Euro V diesel
[Musthafaet al. 2018. Ethanolhasa higheroctanerating
than diesel,which meansit is more resistantto knocking
and can allow for more advanced in this journal
investigation of anisole as a supplementin WCO.lt is
determined that WCO methyl ester containing 10% by
volume anisolemay be usedefficiently in low-emissionCl
engineoperations.Anisolehas been shownto effectively
reduce the acid value. 10% by volume of the selected
variant may be usedefficiently in low-emissionClengine
operations[Asokanet al. 2019. Thisstudy found that a
20% (B20) to 40% (B40) blend of that tamanu oil and
dieselfuel wasusedto fuel the coatedengine.Theresults
showed reduced emissionsand improved performance.
The Taguchi with grey relational analysis (GRA)
optimization method was usedto examinehow load and
fuel affect the emission level of a copperchromium:
zirconium alloy-coated diesel engine. Fuel significantly
reducesCOand HCexhaustgasemissionsin coatedtype
diesel engines,accordingto experiments[Sureshbablet
al. 2023. In this journal, we studied an insightful
comparison of different characteristicsof Cl engines
running on variants possessingor not possessingan
additive. DTBHs employedin biodieselat a concentration
of around 1% to enhance the accessibilityof oxygen
throughout the burning phaseand enhancethe CN.This
leads to efficient combustion and can reduce the
formation of NOXemissions[Radheshyanet al. 2019.
Therefore by comparing the addition of 1% DTBPIn
biodieselwith normal biodieselconcludedthat blending
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with DTBPshows better results in engine performance
and emissionsFromthis journal, we noted that the main
reasonfor choosingjuliflora asa biodieselwill be for high
oil content; the oil canbe extractedfrom the seedswhich
are easyto cultivate. In terms of efficiency, as the load
grows, the BSFQprogressivelydrops. Due to the small
quantity of diesel and its HCV, BSFCis believed to
correspondwith calorificlevelsand alsowith the volume
of administeredfuel. For Emissionsa slight decreasein
CO, and HC occurred. Increasing% the composition of
juliflora oil leadsto more NOxemissionscauseof hashigh
02 content which leads to incomplete combustion
[Atmanli et al. 2018. Increasedfuel injection pressure
(FIP)educesfuel droplet size,improvingatomizationand
evaporation. A more complete fuel burn will increase
thermal efficiency and power production. IncreasedFIP
also shortenscombustiondelay. Thisacceleratesmixture
reduction and significantly reduces inflammatory NOx
[Arunprasadand Balusamy201§. Thisjournal saysthat
When addedto bio-oil,1-pentanol canimprove the fuel's
viscosity, density, heating value, stability, and
performance.lts chemicalstructure makesit an effective
solventand emulsifier. At lower loads,the addition of 1-
pentanol can improve engine performanceby increasing
the BTEand reducingFC.Thisis becausel-pentanol has
an enhancedO2 level,whichresultsin increasedabsolute
combustionand minimizationof unburned HC.However,
at higher loads, the inclusionof 1-pentanol may have a
negativeinfluence on engine effectivenessas a result of
reducedenergydensity comparedto dieselfuel. Thiscan
resultin reducedpower output and potentially lower fuel
efficiency[Rajeshkumar and Saravanar2015. WCOcan
be a renewablefuel option for Cl engines.The findings
indicatethat WCOhasqualitiescomparableto dieseland
maybe utilized asan alternativeresource[Damodhararet
al. 2018.The study alsofound that dieselenginesfueled

by a mixture of dieseland WCOperformed comparablyto

those fueled by dieselalone. The investigatorsexamined
n-pentanol/diesel combinations and investigated the

application of a higher pentanol/diesel combination to

optimize the T dzSdugiainableportion. They utilized 3

EGRIlevelsto reduce NOx emissions.At moderate and
elevated loads, boosting EGRIevels reduced NOx levels
[Ashok et al. 2019. Nevertheless,the SO grew for all

combinationsover a particularEGRevel. Theutilization of

WPOgeneratedfrom MSW as a fuel for Clengineswas
examined. The researchdiscoveredthat introducing n-

pentanol enhanced the engine's combustion features,
leadingto lower CO,HC,and PM levels. The use of cold
EGRand optimized IT further improved the engine's
emissionsand reducedthe formation of NOx[Ashoket al.

2020. This research investigates the usage of PLME
derived from leftover hog fat. Various IP and IT
configurationsare usedto examinePLME2dueled diesel
engines. IncreasinglP increasesefficiency by 3% while

reducing the BSECby 1.88 MJ/kWh for the identical
combination[Manimaranet al. 202(Q. For increasedIP,
HCand COemissionsare lowered but NOxemissiongise.
In this manuscript, the researchers investigated the

engine performance by utilizing 100% CIME as a fuel,

pairedwith a 21 1Tand 10%EGRate. Thiscombinationof

factors canresult in lower emissionsof NOxand PM, as
well as better engine efficiency [Pan et al. 201§. The
study focuseson the extraction of bio-oil utilizing solvent
segregationaswell asthe impact of different parameters
on the yield and properties of the produced variant
[Rajesh Kumar 2016. The non-polar hexane solvent
produced the highest percentage of oil yield and the

resulting bio-oil had a high percentageof neutral fatty

acids,Bio-0il amalgamation comprisingsolventselection,
extraction conditions, and determination of bio-oil

characteristicsutilising FTIRand GGMSanalysis.

Table 1.Details of Crude fat oil generated from Chilli Pedicel wastage

Wetback(ml)  Chamoisvashwater Degreasingml) Temperature°C Heatingduration Fatoil yield (ml)
(ml) (min)
100 200 200 >100 40-45 50-55
200 200 100 >100 40-45 65-75
100 200 200 >100 4045 4550
200 200 - >100 7095 170185
200 250 50 >100 60-75 160170
250 250 - >100 80-90 220230

2. Materials
2.1. Feedstoclkaccumulatiorandrecoveryof crudefat oil

The synthesisis done using many agricultural resources.
There are many crops such as edible and non-edible
plants for the making of biodiesel. Linseed, Sorghum,
Corn, Soybean etc are some of the edible sourcesused
for biofuels. Severalnon-edible plant sourcesare usedas
feedstock[Tianet al. 2017. Now in this, we are selecting
an ediblesourcenamedda / ! t { Lbb & | Hisdne

of the most cultivated crops in India. India is the largest
producerwith 1.98 million tonnesand contributes43%of

world capsicumannuum production, followed by China,

Ethiopia, Thailand,Pakistan and Bangladeshlt has most
of its production from the state named Andhra Pradesh
Up to 700 metric tons is producedin the year 2022 and

shares57%in total production. The Guntur Mirchi Yardin

Andhra Pradeshaccountsfor more than 40% of India's
chilli production. The capsicumannuum containsa stem
that has 10%moisture content and can form bacteriaso
this stem is removedfrom it and thrown away from this

wastewe collectedit into packetsand usedit asfeedstock
for our experiment.

Especiallicompaed with alternativesolventslike acetone
and ethanol, hexaneremovesmore oil. Exceptin severe
climes, it can maintain its liquid form under all
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environmentalcircumstanceslts minimalreactivity allows
for easyeliminationfrom solidsand oil while utilizinglittle
energy.

Figurel. Collectionof RedChilliby Workers

2.2.Soxhletextraction

Soxhlet extraction is a processof extracting chemicals
from solid materials. It is additionally referred to as
ongoingseparation.Soxhletrecoveryis usedto determine
the unrefined lipid level. Most plants' kernelsand fruits

containa lot of lipids. Theassessmenof lipid level could
be utilized to determine its excellence.The extracting
processis now extensivelyemployed both at residence
and acrossthe globe [Yilmazand A. Atmanli 2017. The
Soxhletextracting approachis a well-known traditional

techniquethat is the suggestecbenchmarkmethodology
in China for grain and oil evaluation. This processis
expensive and is usually done in a research facility
through alipid remover.Tablel showsthe raw pediceloil

extractedfrom wastefeedstocks.

2.3. Transesterification

Transesterification is defined as the processin which
triacyl glyceridedrom a variety of feedstocksuchasnon-
edible oil seeds, vegetable oils, animal fats or tallow,
waste cooking oil, and microbial lipids or single cell olil
(from algae, oleaginous yeast, filamentous fungi and
bacteria)are convertedinto fatty acid methyl esters(bio-
diesel)in the presenceof alcohol (methanolor ethanol).
Transesterificationis an ecofriendly processcarried out
under mild conditions. This process can be used to
producebio-dieselfrom a variety of feedstocksVegetable
or animal oils-based triglycerides consist of three fatty
acidslinkedto one glycerolmoiety [PatelShivan2011]. In
this reaction, triglyceridesare reactedwith an alcoholand
produce esters and glycerol through three stepwise
reactions.Transesterificationcanbe classifiedas catalytic
and non-catalytic processescatalyzedtrans-esterification
processcan be classifiedinto acid and base catalyzed
processesDependingon the nature of the catalystphase,
the acid or base catalyst can be divided into three
subclassessuch as homogeneous,heterogeneous,and
enzymatic catalyst. The conversion efficiency of
homogeneous catalyzed trans-esterification is better
when the FFAIs lessthan 1 mg of KOH/gof oil [Li et al.
2019. A two-step trans-esterification processis needed
when the free fatty acid (FFAalueis greaterthan 1 mg
of KOH/gof oil. The main limitations of homogeneous
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catalyss are soapformation duringthe transesterification
processand expensiveseparationof the catalystafter the
process.As a result of such problems, feedstockswhich
are having high FFA can be easily converted by the
heterogeneousatalyst. Theevaporatedvaporsof solvent
(n-hexane) travel through the feed flask and get
condense by the condenserinto liquid by chilling and
coolingthe vapor. The condensedsolvent collectsin the
receival flask. The experimentalwork is performed for
three different solvents to Chili pedicel powder ratio.
Transesterificatioris done after the rotary evaporationof
the pedicelbio-oil is prepared.It isreadyto blendwith the
neatdiesel.

Figure 2. Extractionof Bio-Oil Process
Table2. Fuelproperties

Parameter Diesel D80B20 D70B30
Density(kg/m) 836 877 870
Kinematic 2.71 7.57 7.27
Viscosity(cst)
Cetanelndex 52 58.75 58.07
FlashPoint(C) 75 14 14
Net CV(Kcal/kg) 10355 10187 9458

2.4. FuelCharacterizatiolhby GGMSanalysis:

Thechemicalingredientsof ChilliPedicebio-oil (B100)are
studied usinggaschromatographyspectroscopyFigure3
illustrates the chromatographicspectrum of pedicel bio-
oil. The chromatogram exhibits a variety of chemical
compoundscharacterizedby distinct retention durations.
The GCMS analysisindicatesthe subsistenceof various
substances and principal fatty acids. The negligible
constituentsencompasoleic, caprylic,caproic,and capric
acids. This observationindicates that the methyl ester
derived from Prosopisjulifera predominantly consistsof
saturatedfatty acids.

The C¢H shows the alkane presence. The C=Clinkage
indicatesthe existenceof the aromatic compounds.The
presenceof O¢H, G-O,and C=Orepresentsthe elevatedO;
levels.
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Figure 3. Chromatograptof PediceBio-oil
2.5. TestEngine

Theinvestigationis conductedusingan individualcylinder
CRDIVCRengine manufactured by Kirloskar. Figure 8

depictsthe actualresearcharrangementusedto evaluate
the effectiveness and exhaust attributes of pedicel
biodiesel combinations. The engine is interlinked to an

ECUalong with a solenoid injector driver, compression
pressuresensor(PCBiezotronics USA)and KublerCrank
angle sensor (11 nresolution). The speed capacity is
5500rpm with a TDC pulse. A Yokogawa fuel flow

transmitter (0-500mm), Pressure transmitter (250WC),
and a high-speeddata acquisitiondeviceof 16bit, 250KS/s
are also present. Apex InnovationsPvt. Ltd. enginesare
used to conduct information evaluation, coverage,
entering, and processing As a loading system, a water-

cooled TechnoMech-10 Eddycurrent dynamometerwas
utilized. Stainlesssteel water-cooled EGRsystem with

vacuum pump & pneumatic regulator that is also
connected to the ECUto manage the exhaust gas
dischargespeed.Throughoutthe responsiveduration, the

AVL DI GAS 444N (five gas analyzer) was used to

determine the exhaustdischargelevel from the engine
emissions.

Figure 4. CRDHieselengineTestRig

Table3. Enginespecifications

Make and Model Kirloskar,TV1
Numberof cylinders One
Stroke Four
Bore 87.5mm
Strokelength 110mm
Sweptvolume 661cc
Compressiomatio 175

Ratedoutput 3.5kWat 1500rpm

Coolingsystem Water cooled

Injectiontiming, CAbTDC 23C

Injectionpressure 600bar

2.6. ExperimentaProcedure

Theinitial tests were conductedusingdieselfuel without
any alterations to the engine under ambient
circumstancego assurethe dependabilityof the results.
Before eachrecording,the engineunderwenta 5-minute
operationperiodto attain steadystate function. Thetests
encompasse rangeof loads,spanningrom the smallest
to the greatest. Theseloads were quantified as BMEP
valuesof 1.06,2.07,3.11,and 4.16 bar. The beginningof
combustion is measured by calculating the crank

inclinationat the moment when 10%o0f the massfraction
was exploited The current investigation examines the
influence of elevatedlevelsin biodieseland dieselmixes
on various parameters.Thisinvestigationwas conducted
using a stationary Cl engine equipped with a CRDi
arrangement.Three different combinationsof dieseland
waste petroleum biodiesel were deliberately produced,
and these combinationswere labeled as D100, D80B20,
and D70B30,ndicatingthe respectiveblend percentages.
Thetest mixeswere subjectedto a period of observation
to verify the uniformity of the mixture. Theconsistencyof
the combinations was established using a U\tvisible
spectrometer, whereas the distribution of WLBD was
investigated using the gravity method. The mixtures
exhibited stability and did not display any discernible
separationof phases.During the testing, the significant
parameters including fuel injection time, FIP,and CR,
were retained at the samevalues:23°CAbTDC,17.5:1,
and 500 bar, correspondingly.The investigationswere
done instantaneously under virtually comparable
conditions.

3. Resultsand Discussions

3.1. Combustion
3.1.1.Cylindepressurgvs)CrankAngle:

The Incylinder pressure correspondingto CA at various
BMEPfor the blendsD100,D80B20D70B30Qand D100at

23 BTDGs shownin Hgure 5. For all of the evaluated
fuels, cylinder pressurerises with progressiveload from

0%to 100%.The maximumpressurefrom 0 to 100%load

obtainedfor D100is 78.976bar, for D80B2Gis 74.915bar

and for D70B30is 77.58 bar respectively. There is a

noticeablechangein peakpressuresat 100%load and no

significant change at lower loads. A similar trend is

observedwith all evaluationfuels and correspondswith

the trends [Rajeshkumar and Saravanar015. Thismay
be dueto the lower cetaneof D70B30than D80B20which

tries to prolongthe ignition delay. A surgein the volume
of the combustion chamber delay leads to a reduced
cylinderpressure However D70B30showsbetter cylinder
pressure at all engine lads compared to D80B20 in

addition to this high oxygenconcentrationof chilli Pedicel
Biodiesel (PBD) enhances combustion rate this is the

reason behind attaining higher pressures. The blend
D80B20showslow peak pressurecomparedwith D70B30
at 0%which is 51.92bar and at 100%which is 77.58bar
which is quite nearerto D100at 100%78.976bar. All of

the investigated fuels had identical in-cylinder gas
pressure profiles. Natural diesel operation produced
greaterin-cylindervalues which may be attributed to the

highercalorificlevel,culminatingin a greaterPCHZhouet

al.2013.

3.1.2.HRRVvs)CA:

FHgure 6 depicts the overall HRRas a function of CAat
varied BMEPfor all experimentalsources.Theplots show
that as the load elevates, the NHRR for both
combinations, especially diesel, rises. At lower loads,
NHRRdecreasesas the level of the blend rises; at
intermediate and excessiveloads, NHRRgrows as the
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intensity of the combineexpandsThereasonis dueto the
elevated burning latency The IDP is completely
dependenton the CNof the fuel [Emiroet al. 201§. At
100%load, the highest NHRRfor dieselis 80.33 J/deg,

77.55J/degfor D80B20and 71.82J/degfor D70B30J/deg.

The greater the LHEof the PBD,the more heat it takes
from the chamberto dissipate,resultingin coolingof the
combustionzone.Theexplanationfor this tendencymight
be attributed to improved oxygenationcircumstancesn
the mix as a result of biodieselinclusion,which enables
consistentfuel burning[Nanthagopakt al. 2019.
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3.2. Performancenvestigation:
3.2.1.BTHvs)BMEP

Figure 7 revealshow the brake thermal efficiency (BTE)
changedbetweenfour different test specimenghat were
each tested at various engine brake mean effective
pressuregBMEPs)Thebrakethermal efficiency(BTEhas
a rangeof 17.06%to 34.3%for usualdieselfuel, 16.27%
to 33.78%for D80B20and 15.66%to 32.12%for D70B30
fuels. As anticipated, the BTE values demonstrate a
positive correlationwith engineload. Thiscanbe because
of the combined impact of an augmentationin power
production and a reductionin thermal dissipation[Ashok
et al. 2017. Additionally, it has been observed that

increased engine temperatures under greater loads
contribute to improved fuel vaporization. This, in turn,

enhances the combination of air and fuel, thereby
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reducing the ignition delay. Consequently higher brake
thermal efficiency (BTE)has been documented under
these conditions of elevated engine loads [Ashoket al.
2019].

34
32
304
28 4
26
244
22
20
18
16 4

14 T T T T T T T
1.04 2.08 312 416 1.04 2.08 3.12 4.16

BMEP (bar) BMEP (bar)
Figure 7. Differencesof (a) BTEand (b) BSF@t different BMEP
3.2.2.BSFQvs)BMEP

Figure? illustratesthe impactof raisingthe proportion of
waste pedicelbiodieselin conjunctionwith dieselon the
BSFC.Regarding engine load, the brakespecific fuel
consumption numbers exhibit a range of 0.54 to 0.26
kg/kW-hr for diesel, 0.56 to 0.27 kg/kW-hr for D80B20
fuel, and 0.57 to 0.29 kg/kW-hr for D70B30fuel. In
constantspeed engines,it is observedthat the BSFQof
various fuels tends to drop as the BMEPof the engine
climbs.Thismight be causedby the circumstancehat the
% increasein fuel usageis lessthan the % increasein
braking power, leading to a reduced BSFCrating [De
Poureset al. 2017. At all BMEPsthe BSFCof dieset
pedicelbiodieselcombinationsis largerthan that of diesel
alone. This conclusionis backed by the reality that the
reduced average calorific worth of pedicel biodiesel
necessitates largercapacityof fuel to deliveranidentical
quantity of power[Dillikannaret al. 202Q.
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3.3. Emissions
3.3.1.NOxand Smoke
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Figure 8. Dissimilaritie®f (a) NOxand (b) Smokeat different
BMEP

The volume of NOxreleasedby the engineis related to
the retention duration and temperature of the mixture in
the combustion region [Sithivinayagamand Anandavelu
2023. At higher temperatures the formation is high.
Figure 8 showsthe NOx emissionsat various BMEPfor
D100,D80B20(B20in the graph),and D70B3Q(B30in the
graph). NOx levelsrise as load rises,and a comparable
sequencewas found for both combinations, especially
diesel. The larger reductions are recorded from low to
mediumloadsasthe concentrationof PBDNOXincreases.
Becausef the leanair-fuel proportion, the reducedBMEP
emits lessNOx.NeverthelessNOxemissionelevatedwith
higher engine loads, which might be attributed to the
formation of multiple fuel-rich areasof concernasa result
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of increasedfuel burning at higher engine loads, which
raised cylinder temperature and resulted in higher NOx
[9 YA NRIf &g018. The maximum NOx obtained
with B20 is 3064ppmand for B30 is 3394ppm and for
D100it is 3158ppm.Asthe load growsfrom moderateto
greater numbers, so does the ignition interruption,
resulting in premixed combustion. Enhanced charge
duration results in a significant decreasein NOXx levels
[Yilmazand Atmanli2017.

Figure 8 depicts the smoke opacity of all experimental
fuels. Smokeopacity risesas the BMEPgrows. All of the

experimentalfuels exhibit the sametrend. Eventhough

the findingsare highly equivalentto D100dischargesthe

SOclimbs somewhatas the amount of PBDrises. Thisis

due to the fundamental fact that when engine loads
increase,more fuel is injected into the combustionspace
to generatethe desired power output, resultingin extra

fuel-rich areasand increasedexhaustsmoke generation
[Dillikannanet al. 2020]. ThemaximumSmokeat 4.14bar

BMEPIs noted as 48.5HSUor D100;for B30is 47.6HSU
and for B20it is 44.9HSUThistendencyis inducedby the

diffusion combustionstage,which is driven by a decrease
in fuel-air blending speed owing to subsequent
introduction[Zhouet al. 2013.
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Figure 9. Variationsof (a) HCand (b) COat different BMEP

The major source of HC is partial combustion of the
chargewithin the cylinder. Figure9 depicts the engine
emissionsat variousBMER for the B20,B30,and D100.It
has been noticed that when BMEP increases,the HC
emissionsdecrease HCrisesasthe blend'sconcentration
increasesThispropensityis inducedby the CN,leadingto
a thin exterior flame region, which raises the HC [De
Poureset al. 2017. Becausethe temperaturesare low,
the increasedLHVof PBDresultsin lean combustionand
guenchingresultingin post-oxidation. Its contributionsto
diesel supply extra oxygen during combustion, and a
smaller percentage of PBD does not impact the spray
properties of the combination allowing for an enhanced
combinatian [Ashoket al. 2019.

Figure9 showsCOemissionsfrom CRDIfueled with B20,
B30, and D100.COemissionsdecreasewith rising BMEP
at reducedBMEPandrise with increasingBMEPat greater
BMEP.ldentical patterns were seenfor all experimental
fuels, owing mostly to the reduced combustion
temperature.IncreasedBMEP on the contrary,improved
CO,whichmaybe dueto the greatercombustionspeedat
greater engineloads, which facilitates COoxidation [Li et
al. 2019. Thisis primarily becausewhen PBDlevelsrise,
the engine's cylinder temperature decreases.At lower

)
-

loads, lean charge absorbs heat from the products of

combustionwhereasat higherloadscombustiongradually
increasesas a result of accumulationof fuel droplets.
Lower viscosityincreasesprayspenetration and leadsto

wall deposits[Radheshyanet al. 2019

4. Conclusions

The concentration of PBDon combustionand emission
parameters was analyzed in this paper without any
modifications in the CRDIDiesel engine test rig with
blendsB20and B30and comparedwith D100.

1 Theincreasein load ICP and net HRRdecreaseand at
elevated loads increase as a result of premixed
combustion.Theheatreleaserate (HRRYf the diesel,
B20,and B30blendsexhibited a reduction of 0.95%,
0.92%,and0.87% espectively.

1 The brake thermal efficiency (BTE)has a range of
17.06%to 34.3%for usual diesel fuel, 16.27%to
33.78% for D80B20, and 15.66% to 32.12% for
D70B30fuels. BTErange from Diesel> B20 > B30,
respectively.

1 TheNOxobtainedwith B20is 3064ppmand for B30is
3394ppmand for D100it is 3158ppm.NOxemissions
were noted to be lower for test fuel D80B20at 100%
load and are quite nearerto D100at similar engine
conditions.

1 Theemissionsof HCexhibit a decreasingpattern as
the loadsincrease.Furthermore,the HCincreasesn
direct proportion to the combination.The Dieseland
B30 exhibited an increase of 5.8% and 4.71,
respectivelyjn comparisorto the B20.

I COemissionsare significantlyelevatedat 100%load
andreducedat 50%load. TheCOemissionreductions
for B20and pure diesel,aswell asthe B30mix, were
15.19%and 10.45% respectively. Nevertheless the
mix D70B20exhibits reducedemissionscomparedto
all other fuelstested.

1 Smokeis foundto be highfrom low to mediumloads
and low from mediumto higherloadsfor the blend
D80B20.The maximum Smokeat 4.14 bar BMEPis
noted as 48.5HSUor D100;for B30is 47.6HSUand
for B20it is44.9HSU.

As a result of the findings, it is possibleto infer that the

PedicelBio-dieselmay be a regionallybasedprospective

alternative.
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