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ABSTRACT

The increase in number of automobiles in recentsédms resulted in great demand for petroleum potslu
Vegetable oils might provide a viable alternativediesel since they are renewable in nature andrenmentally
friendly. In the present investigation biodieselswarepared from pungamia oil and blended with die¥be
prepared biodiesel blend of 20% was used for thes@nt investigation. Tests were conducted in desiaginder
direct injection diesel engine fueled with 20% lkésel blend for compression ratios of 19:1, 17:5dan
16:1,Injection timings of 27 °bTDC, 24°bTDC and RIDC and Injection pressures of 240bar, 220bar and
200bar. From the detailed analysis of performanaed eemission characteristics, the optimized operatin
parameters such as compression ratio of 19:1, tgactiming of 27°bTDC and Injection pressure oD2dar are
identified for the diesel engine fueled with 20%diésel blend. For these optimized operating patanse highest
brake thermal efficiency of (30.9%), lowest braledfic energy consumption of (11005 kJ / kW-hrerew
observed .The heat release rate and harmful pailstauch as HC, CO are reduced in the 20% biodibksid
compared to diesel fuel .At these optimized opeggparameters emission of nitric oxide increasesgmnally for
20%biodiesel blend compared to diesel fuel .Findllyan be concluded that 20% biodiesel blend cdddised as
alternative fuel for optimized operating Cl engiaiecompression ratio of 19:1, injection pressure2d bar and
injection timing of 27°bTDC for better engine penfi@ance and lower emissions. The results reveal that
pungamia biodiesel blend can be used safely withoytmodification to the engine.

Keywords. biodiesel; diesel engine; combustion; emissionspgam Methyl Esters,DICI direct injection
compression ignition.

INTRODUCTION

Due to rapid depletion of petroleum fuel, researshieroughout the world are looking for alternatiuels to run the
engines.Of the various alternate fuels under consideratlnindiesel derived from vegetable oils, is the most
promising alternative fuel to diesel due to thddwing reasons.Biodiesel can be used in the egigimgine without
any modifications. Biodiesel is made entirely fraregetable sources, it does not contain any suétmmatic
hydrocarbons, metals or crude oil residues.Biodlissan oxygenated fuel, emissions of carbon mathexnd soot
tend to reduce. The use of biodiesel can extendlifiheof diesel engines because it is more lubitgathan
petroleum diesel fuel.Biodiesel is produced fromengable vegetable oils/animal fats and hence ingm dive fuel or
energy security and economy independence and tnespondence properties have mentioned in Tabl®lahy
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investigators have used jatropha oil and pungaihimethyl esters with various proportions as a @giee fuel and
the following conclusions have been made:Jatrophaliesel and their blends exhibited similar penfiance and
emission characteristics under comparable operatinglitions (Forson et.al, 2004).Pungamia oil meésyer and
their blends exhibited lower unburned hydrocarbzarbon monoxide and soot emissions with a pendltyigher
nitric oxide emission (Lakshminarayanan et.al, 2088opha methyl ester and its blends are a patesubstitute
for diesel. JTME produces lesser emissions tharolgeim diesel, except NOx, and have satisfactomtmgstion
and performance characteristics(Lakshminarayanaal, é2007)Improvement in performance charactesstad
reduction in emissions were observed by preheaf@igppha oil (Palaniswamy et al., 2006). A sigrafi¢
improvement in the performance and emissions waergbd by optimizing the injector opening pressimjection
timing, injection rate and enhancing the swirl lewden a diesel engine is to be operated with feedpha oil
(Reddy and Ramesh, 2006).Performance and emissaradateristics of JTME are superior when compaoeatiter
methyl esters produced from other feedstock. Peakspre is higher for jatropha methyl ester congpémwediesel
(Sundarapandian and Devaradjane, 2005).Hsiang &2A007; Jo et al., 2006). The objective of the gnestudy is
to analyze the behavior of metal flow and to optienthe process parameters such as billet tempesatoearing
lengths (mandrel length), convex die angle andainat temperature (tooling temperature) to yielddymechanical
properties (Saidur et al. 2008).Most of the abossearch works are concentrated on performance m@&igsien
characteristics of PME and very limited work hastbéone to analyze the combustion characteristios.present
study investigates the combustion characteristigshlghlighting their effect on performance and esiua
characteristics. This paper provides complete stdeding and comprehensive analysis of the condysti
performance and emission characteristics of PMBEedlidlendsThe objective of the project is to carryout
experimental investigation on low heat rejectiogiea with raw jatropha oil, methyl ester of jatrapbil, methyl
ester of jatropha oil-kerosene blend in the proporof 70:30 and diesel. The results obtained imi@ichetter
performance and emission characteristics of thénengith methylester of jatropha oil.

EXPERIMENTAL SECTION

Figure.l.shows the schematic line diagram of th@eemental set up and its specification and opegatanges are
given in Table .2.and Table.3. A Electrical dynameten was used to apply the load on the engine. t&rwheostat
with an adjustable depth of immersion electrode prawided to dissipate the power generated. Tests warried
out at various loads starting from no load to liodld condition at a constant rated speed of 1500 rp

Figure .1 Pictorial view of Experimental setup

At each load, the fuel flow rate various constitigeof exhaust gases such aHydrocarbon (HC), cammmoxide
(CO) and nitrogen oxides (N were measured with a 5-gas MRU Delta exhaustagatyzer. The analyzer uses
the principle of non-dispersive infrared (NDIR) fehe measurement of CO and HC emissions while, NO
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measurement was by means of electrochemical ser@onsbustion analysis was carried out by meansoA\dL

615 pressure pick-up fitted on the cylinder head anTDC encoder fixed on the output shaft of thgire The
pressure and the crank angle signals were fedpntium personal computer. Various combustion paters like
heat release rate, cumulative heat release ratepaall pressure and its accurance were obtained) wukita
acquisition system. The engine was first operatiétd diesel oil to generate the baseline data folldvoy Methyl
Esters of pongamia oil and their blend such as FME2

TABLE.1.COMPARISON OF BIODIESEL PROPERTIESWITH DIESEL

Properties Diesel Pungamia Oil Bio-Diesel
(Methyl Ester
Cetane No. 48— 56 47 57
Density(kg/m) 821 934 892
Viscosity (cSt) 3.52 45.62 5.402
Calorific value (MJ/kg) 43 36.64 39.1¢
Flash poin°C 48 27¢C 15€
TABLE.2. SPECIFICATIONS OF ENGINE
Make Kirloskar
Mode TAF 1
Type Direct injection, air cooled
Bore x Stroke (mm) 87.5 x 110
Compression ratio 17.5:1
Cubic capacit 0.661 li
Rated powe 4.4 KW
Rated speed 1500 rpm
Start of injection 24° bTDC
Connecting rod length 220 mm
Injector operating| 220 ba

TABLE.3. OPERATING PARAMETERS CONSIDERED IN THE PRESENT INVESTIGATIONS

% Load 0,25,50,75,100
Speed (rev/mir 150(
Compression rat 16:1,17.5:1,19:
Injection Timing°bTD( 21,242
Injection Pressure(bar) 200,220,240

RESULTSAND DISCUSSION

Tests were carried out at different compressioio,ramjection timing and injection pressure and distails are
mentioned in Table.3. At injector opening pressofe200bar and 220bar and injection timing of 21°l6T@nd
24°bTDC and compression ratio of 17.5:1 and 16:leviged for PME20 but from the investigation it sveound
that the performance was very poor. Further thénengere set to run at higher compression rativd1 ,advanced
injection timing of 27°bTDC and higher injector ayeg pressure of 240bar it arrives at the optimwange
operating parameters PMEZ20. It was observed thaE Mt gives better performance for the optimizgerating
parameters.

Figure.2.shows the effect of compression ratio fwn tariation of brake thermal efficiency with bragewer for
PME20. The maximum brake thermal efficiency obtdirng about 30.9% for PME20 at compression ratio of
19:1.Increase in thermal efficiency is due to theréase in peak pressure and increases in compustigperature.
The other compression ratio of 16:1 and 17.5:1rsffelatively lower brake thermal efficiency thaat of 19:1.

Figure.3.shows the effect of injection timing ore thariation of brake thermal efficiency with bragewer for
PMEZ20.It is observed that the increase in injectioning increases the brake thermal efficiency Hme maximum
brake thermal efficiency occurs at 27°bTDC. Themaiason for higher brake thermal efficiency as tarticular
timing is that the peak pressure occurs close@ &lso fuel releases all the heat is shorter guratf combustion
and resulting in improved performance.
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Figure.2.Effect of compression ratio on the variation of brake ther mal efficiency with brake power
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Figure.3.Effect of injection timing on the variation of brake thermal efficiency with brake power

Figure.4.shows the effect of injection pressurettom variation of brake thermal efficiency with beagower for
PMEZ20.It was observed that the increase in brakenthl efficiency with increase in injection pressunay due
finer spray and better entrainment.

Figure.5.shows the effect of compression ratio lwan \tariation of brake specific energy consumptiath erake
power for PME20. From the results it is found tRME20 offers comparatively lower BSEC for compressiatio
of 19:1 compare to other 16:1 and 17.5:1.This i ubetter combustion of PME20 due to presendegbf cetane
of PME.

Figure.6.shows the effect of injection timing oe thariation of brake specific energy consumptiotihwirake power

for PMEZ20.It is observed that the change in inf@ttiiming changes the occurrence of peak presswtechanges
the duration of combustion. The injection timing°@YDC produces peak pressure closer to TDC andsoffe
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sufficient time to release heat, hence this pddictiming offers lower BSEC compare to other iij@c timing
21°bTDC and 24°bTDC.
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Figure4.Effect of injection pressure on the variation of brake thermal efficiency with brake power

25000

20000+

15000+

10000+

——CR=19

Injection Timing =27°bTDC
5000+ Injection Pressure=240bar
CR=compression ratio

Brake Specific Energy Consumption(kJ/kW-hr

0 T T T T
0 1 2 3 4 5
Brake Power(kW)

Figure.5.Effect of compression ratio on the variation of BSEC with brake power

Figure.7.shows the effect of injection pressurettm variation of brake specific energy consumptiath brake
power for PMEZ20.It was observed that BSEC decreastdincrease in injection pressure. The minimuSEE
was observed in PME20 at injection pressure 24@bareas the maximum BSEC was obtained at injegtieasure
200bar.This is due to finer spray, rapid heat sdeand shorter duration of combustion. Usuallyerfigpray and
improved air entrainment cause lower BSEC for 240ba

Figure.8.shows the effect of compression ratio lantariation of cylinder pressure with crank anfgie PME20.

From the results it is clear that peak pressureeages with increase in compression ratio. Thikués to increased
combustion temperature and shorter duration of ctidn.
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Figure.6.Effect of injection timing on the variation of BSEC with brake power
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Figure.7.Effect of injection pressure on the variation of BSEC with brake power

Figure.9.shows the effect of injection timing om thariation of cylinder pressure with crank angle PME20.The
change in injection timing changes the occurreriqgeeak pressure and combustion duration. The igje¢iming of
27°bTDC produces peak pressure few degree befofe dridl utilizes the heat energy well before the detign of
power stroke and hence the timing offers maximuekpg&essure compare to other timing. This is theanmeason
for higher brake thermal efficiency of 27°bTDC.

Figure.10.shows the effect of injection pressurdghenvariation of cylinder pressure with crank anfgir PME20.It
was observed that cylinder pressure increasesimgtiease in injection pressure. The change in figegressure
causes change in spray parameters and changesr thetrainment behaviour.The higher injection poeesof
240bar produces finer spray and causes bettent@iement. This is the main reason for higher peassure for
this injection pressure.
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Figure.9.Effect of injection timing on the variation of cylinder pressurewith crank angle

Figure.11.shows the effect of compression ratidghenvariation of heat release rate with crank afmld®ME20. It
is seen that the height of premixed phase of cotidrudecreases with respect to increase in comipresatio. Also
the compression ratio increases change the duraficombustion. Usually higher compression ratifersf shorter
duration of combustion and cause better performance

Figure.12.shows the effect of injection timing &we tvariation of heat release rate with crank af@lé®ME20. The
injection timing of 27°bTDC offers comparativelyaster duration of combustion and produces peak teatse
rate closer to diesel baseline operation. Hence ghrticular timing offers better performance coregato other
injection timing of 21°bTDC and 24°bTDC.

Figure.13.shows the effect of injection pressuretfenvariation of heat release rate with crank arigi PMEZ20.
The injection pressure of 240bar increases sprdyr@ring property and causes better combustion celénis seen
that higher injection pressure offers shorter damabf combustion and rapid rate of heat releasa that of other
injection pressure of 200bar and 220bar.
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Figure.10.Effect of injection pressure on the variation of cylinder pressurewith crank angle
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Figure.11.Effect of compression ratio on the variation of HRR with crank angle

Figure.14.shows the effect of compression ratidhenvariation of cumulative heat release rate witdnk angle for
PME20. It is seen that the height of premixed plesmbustion decreases with respect to increasempression
ratio. Also the compression ratio increases chahgeduration of combustion. Usually higher compi@ssatio
offers shorter duration of combustion and caustebperformance.

Figure.15.Shows the effect of injection timing ¢ tvariation of cumulative heat release rate witink angle for
PMEZ20. The injection timing of 27°bTDC offers comgt@vely shorter duration of combustion and produpeak
heat release rate closer to diesel baseline operadtience this particular timing offers better pemfance compare
to other injection timing of 21°bTDC and 24°bTDC.

Figure.16.Shows the effect of injection pressurehe variation of cumulative heat release ratd witink angle for

PMEZ20. The injection pressure of 240bar increapesysand mixing property and causes better comfiusiience

it is seen that higher injection pressure offersrtgn duration of combustion and rapid rate of hrelgase than that
of other injection pressure of 200bar and 220bar.
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Figure.13.Effect of injection pressureon thevariation of HRR with crank angle

Figure.17.Shows the effect of compression ratidtenvariation of hydrocarbon with brake power fovE20. It
was observed that the maximum rate of hydrocarb@bppm for compression ratio at 19:1.1t is alsenfbthat the
hydrocarbon of 0.112 g/kW-hr for compression radio 17.5:1decreases with increase in concentratfothe
biodiesel blend. This may be due to improved conibidecause of increased in injection pressureamvanced
injection timing.

Figure.18.Shows the effect of injection timing dwe tvariation of hydrocarbon with brake power for E20. It was
observed that the maximum rate of hydrocarbonli2®y /kW-hr for injection timing at 27deg bTDC dtalso found
that the hydrocarbon of 0.122g /kW-hr for injectiiming at 24deg bTDC decreases with increase iceotration
of the biodiesel blend. This may be due to improeedhbustion because of increased in injection presand
increase in compression ratio.

Figure.19.Shows the effect of injection pressuréhenvariation of hydrocarbon with brake power RWME20.It was

observed that the maximum rate of hydrocarbon p88for injection pressure at 240bar.It is alsonfibthat the
hydrocarbon of 0.122g/kW-hr for compression ratto280bar decreases with increase in concentratfotheo

245



M. Venkatraman and G. Devar adjane J. Chem. Pharm. Res., 2014, 6(12):237-252

biodiesel blend. This may be due to improved coribudecause of increased in compression ratioaaivénced
injection timing.
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Figure.14.Effect of compression ratio on the variation of CHRR with crank angle
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Figure.15.Effect of injection timing on the variation of CHRR with crank angle

Figure.20.Shows the effect of compression ratidghenvariation of carbon monoxide with brake powarPME20.
It was noticed that CO emission of 0.968g/kW-hr émmpression ration at 19:1.CO emissions decreagbs
increase in JME in the blend had sufficient timedombustion process because of advanced injeptessure.

Figure.21.Shows the effect of injection timing &we wariation of carbon monoxide power for PME2@Qvéts noticed
that CO emission of 1.343g/kW-hr for injection tigi 27deg bTDC because due to presence of oxygdnmein
biofuel.CO emissions decreases with injection tgrah21deg bTDC of 0.948 g/kW-hr.

Figure.22.Shows the effect of injection pressurg¢henvariation of carbon monoxide brake power folE20. It was
noticed that CO emission of 1.343g/kW-hr for injentpressure at 240bar. CO emissions decreasesnigtttion
pressure at 200bar of 0.124g/kW-hr.Reduced CO @nisswere maintained, probably, owing to the oxygen
inherently present in the biofuel.
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Figure.17.Effect of compression ratio on variation of Hydrocar bon with Brake Power

Figure.23.Shows the effect of compression ratidhenvariation of nitric oxide brake power for PME20can be
observed that NOx emissions increases for PME2BgldV-hr at compression ratio 19:1 compare to c@&sgon
ratio at 16:1 42.1g/kW-hr.Due to the advancementashpression ratio and pressure all the injectetlfurnt as a
result higher combustion temperature is attainde. Aigher temperature promotes NOx formation.

Figure.24.Shows the effect of injection timing d¢w tvariation of nitric oxide brake power for PME20can be
observed that NOx emissions increases for PME2QgdBN-hr at injection timing 27deg bTDC compare to
injection timing at 21deg bTDC 21.05g/kW-hr.Thiglige to the advancement of injection timing andsguee all the

injected fuel burnt as a result higher combustiemgerature is attained.The higher temperature peBNNOX
formation.

Figure.25.Shows the effect of injection pressurghanvariation of nitric oxide with brake power fBMEZ20. It can
be observed that NOx emissions increases for PMIB28Y/kW-hr injection pressure at 240bar compaiigjextion

pressure at 200bar 42.8g/kW-hr.Due to the advanceafiénjection timing and pressure all the injetfael burnt as
a result higher combustion temperature is attaiffezlhigher temperature promotes NOx formation.
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Figure.18. Effect of injection timing on the variation of hydrocarbon with brake power
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Figure.19. Effect of injection pressure on the variation of Hydrocarbon with Brake Power
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Figure.21. Effect of Injection timing on the variation of Carbon monoxide with Brake Power
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Figure.22. Effect of Injection pressure on the variation of Carbon monoxide with Brake Power
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Figure.23.Effect of compression ratio on the variation of Nitric Oxidewith Brake Power
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Figure.24.Effect of Injection timing on the variation of Nitric oxide with Brake Power
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Figure.25. Effect of injection pressure on the variation of injection Nitric oxide with brake power
CONCLUSION

Following are the conclusions based on the experiahegesults obtained while operating single cyindliesel
engine fuelled with PME20.The maximum brake thergaffitiency (30.9%) is found to be PMEZ20 injectitbming
at 27°bTDC, Injection pressure at 240bar and cossje ratio at 19:1.

It is found that the combined increase of compogssatio, injection timing and injection pressunereases the

Brake Thermal Efficiency and reduces Brake Speddiergy Consumption(11950 kJ/kW-hr)while having éow
emissions.
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Due to the advancement of injection timing, injentpressure and compression ratio all the injefttedburnt as a
result higher combustion temperature is attainda. Aigher temperature promotes NOx (1535ppm) faomat

Good mixture formation and lower smoke emissiontheekey factors for good CI engine performance.

Finally it can be concluded that PME20 could beduae alternative fuel for operating Cl engine anpression
ratio of 19:1, higher injector opening pressure2dd bar and advanced injection timing of 27°bTDC Hetter
engine performance and lower emissions.
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