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ABSTRACT

Biodiesel has become one of the most versatilenaltiee fuel options for diesel engine applicatiofite recent
biodiesel research in India receives its attentiowards fish-oil based biodiesel. In the presentkydiodiesel
derived from the fish-oil extracted from fish sgscivas used as fuel in diesel engine to investitaferformance,
combustion and emission characteristics. The variolends of fish-oil biodiesel with diesel, B250BB75, B100
were used in the experiments and the results itglitidat brake specific fuel consumption and brakermal
efficiency were higher with B100 fuel than thatdadsel. The combustion analysis shows that the pghikder
pressures of B25, B50, B75 and B100 are lower thahof the diesel and the starts of combustiomtymvas taken
place at earlier crank angle degrees for fish-dibdiesels. The exhaust gas temperatures of B108 loewrer than
that of diesel at the different loads. At full 1od&1L00 fuel produced higher smoke, NOO and HC emissions of
34.95%, 1.65%, 14.6%, and 1.8% respectively witbremce to diesel fuel.

INTRODUCTION

It is quite common nowadays to learn that everynbguis in the race to find suitable and affordadlternative fuel
options for diesel engine as the present-day dfaséleserve is depleting fast. In addition, thieg of conventional
diesel fuel is sky rocketing due to great demangborential increase of vehicles number on road @widical
turmoil.

Therefore, it is an urgent need for India as wels¢arch for an option to run diesel engine usifigehother than
conventional and petroleum based diesel. Biodiesetliesel engine fuel alternative, receives mtiem@ion among
many feasible options. Biodiesel has been congidese one of the most versatile alternative fuelomgt for
petroleum diesel in direct injection diesel engapplications because it has substantial prospeet lasng-term
replacement for diesel fuel [1].

Research work on biodiesel reveals that large nurabexperimental studies of biodiesel, derivednfrearious
feed stocks, as fuel for engines used for tranaport and or other applications have been carrigcath over the
world. Application of biodiesel, as a fuel in traoestation vehicles, has nowadays become commohmiasa all oil

importing nations, due to the high oil import bibed uncertainties associated with the imports tdupolitical

chaos. Depending upon the availability of domeptioducts of feed stock material these countriedestausing
biodiesel from domestically available or producibkgetable oil. In this context, many raw materizdse been
used by different countries, depending upon theilahifity and economical affordability. It is reped that
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biodiesels derived from soybean [2], rapeseed §Bhflower [4], palm [5], coconut oil [6], rubber e waste
cooking-oil, waste plastic oil etc. have been fosndable and feasible for use in diesel enginesefal researches
carried out in India reveal that biodiesels derifiein jatropha, karanja, mahua, polanga, [7-11] ate suitable
fuel for use in diesel engine applications. Themtdbiodiesel research in India includes its aitbentowards the use
of algae biodiesel, waste cooking-oil biodiesedhfoil biodiesel, etc. The use of fish-oil biodikas a fuel in diesel
engines and the performance, combustion and emissimlies carried out on single cylinder direcéation diesel
engine is presented in this paper.
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Figure 1. Schematic diagram of experimental setup

2. Experimental setup and procedure

In order to study the performance, combustion amdssion characteristics of the fish-oil biodieselgime,
experiments were conducted on a single cylinden-&troke, direct injection, water cooled, Kirloskiav-1, diesel
engine. The detailed specifications of the tesirengre given in Table 1. The schematic diagrarexpierimental
setup is shown in Fig.1. The engine load was agplising an eddy current dynamometer. An orifice emet
connected to a large surge tank was attached tertpime to make air flow measurements. The fuesemption
rate was measured using the glass burette and stcpwA digital tachometer was employed for meaguthe
engine speed. An AVL shaft position encoder was usagive signals at TDC and AVL GM12D miniatureegsure
transducer was used for measuring the cylinderspresAn AVL 444 Di gas analyser was employed feasuring
the exhaust gas components such as CO, HC and W@ smoke density was measured using AVL 413 smok
meter. The exhaust gas temperature (EGT) was nexhslith k-type thermocouple.

Before conducting all the experiments, preliminanalysis was done with fish-oil biodiesel and itsnids with
diesel to obtain the important fuel characteristike, kinematic viscosity, specific gravity, caliic value, flash
point, pour point, etc. to find its suitability dgesel engine fuel. The obtained properties of-Gidtbiodiesel and its
blends were compared with diesel in Table 2.

Table.1 Test engine specifications

Parameter Specification
Engine model Kirloskar TV-1
Engine type DI, naturally aspirated, water cooled
Number of cylinders 1

Bore (mm) 87.5
Stroke (mm) 110
Displacement (em®) 661
Compression ratio 17.5
Maximum power (kW) at rated rpm 52
Rated rpm 1500
Injection pressure (bar) 220
Injection timing (°btdc) 23
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The engine was operated initially with base refeeefuel, i.e. diesel for about 30 min to attaincanmal working
temperature condition. The base line data wererg&ttby noting down the corresponding readingsiiesel fuel.
The test engine was then subsequently operatedblatids of fish-oil biodiesel and diesel. The blewhtaining
25% of fish-oil biodiesel and 75% of diesel by basis is denoted as B25. Similarly the differemndls namely,
B50, B75 and B100 are made and used for runningdiagel engine. At every experimental setting, ¢hgine
speed was checked and maintained constant. Albliservations were repeated twice and the arithnmegian of
these readings was employed for calculation andlysisa The performance, combustion and emission
characteristics presently investigated include éragecific fuel consumption (BSFC), brake therniéiciency
(BTE), exhaust gas temperatures (EGT), cylindesqne, heat release rate, smoke, oxides of nitrdy€R),
carbon monoxide (CO) and unburned hydro carbon (HC)

Table 2 Properties of fish-oil biodiesel blends andiesel

. . Fish-oil biodiesel
Fuel property Unit  Diesel

B25 B50 B75 BI00
Kinematic viscosity @ 37 °C  ¢St. 5.8 6.0 6.1 6.2 6.2

Specific gravity @ 15°C 0.867 0.872 0.882 0.899 0.920
Flash point °C 72 111 130 141 147
Pour point °C -3.0 -1.7  -02 0.7 1.0
Calorific value Ml/kg 42.0 41.1 407 399 395

RESULTS AND DISCUSSION

The several performance, combustion and emissi@macteristics were analysed as detailed in theovatg

sections in order to investigate the effect of o§dish-oil biodiesel and diesel blends in the tesgine. The
performance parameters studied in the presentsisaye BSFC, BTE and EGT and emission parameter€@,

unburned HC atoms, NOx and smoke. In addition,chmbustion parameters analysed are cylinder presswu
heat release rate.
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Figure 2. Comparison of brake specific fuel consuntmn

3.1 Performance characteristics

The comparison of the performance parameters mstexf BSFC, BTE and EGT versus brake power for-digh
biodiesel and its blends (B25, B50, B75 and B10ith wiesel fuel is shown in figures 2 to 4. It da@ noted from
figure 2 that BSFC of fish-oil biodiesel and itebtls was higher than that of diesel at all loadiés & because of
lower calorific values of fish-oil biodiesel ands iblends as compared to diesel. BSFC decreaseglysheith
increase in brake power for all fuels, diesel, BB50, B75 and B100. The reason for this could la¢ lercentage
increase in fuel required to operate the enginkeds than the percentage increase in brake powiputodue to
relatively less portion of the heat energy lossehkigher loads due to lower temperature gradienvatmed-up
condition.
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Figure 3. Comparison of brake thermal efficiency

Figure 3 shows the comparison of brake thermatieficy, BTE between diesel and fish-oil biodieseinds for
different brake power points. In general, BTE adrals is slightly higher than that of diesel at given load. This
is due to the improved combustion which is causgdjteater oxygen content of biodiesel molecule batter
ignition quality of fish-oil biodiesel blends. BTiacreases when the load is increased for a giveh hecause of,
more power output due to efficient combustion cdubg proper atomisation and good combustible meéxtur
formation at increased loads. However it can bechttat the rate of increase in BTE is high at lolwads and it is
low at higher loads as shown in Figure 3 by théandigand lower sloped curves, respectively.

Figure 4 shows the characteristic curves of exhgassttemperatures, EGTs versus engine loads feeldimd fish-
oil biodiesel blends. The exhaust temperatureswisie the increase of engine load for all of thelfy B25, B50,
B75, B100 and diesel. It can be seen from the éidhat the EGTs at different engine loads for BS06 and B100
blends, are lower than that of diesel. This is bheeaof the higher oxygen content of fish-oil biegieand its blends
as compared to diesel. However, the exhaust gasetatures of fish-oil biodiesel blend B25 fuel 4td% higher
than that of diesel, which might be attributed éttér combustion caused improved fuel-air mixirtg.ra
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Figure 4. Comparison of Exhaust Gas Temperatures

3.2 Combustion characteristics

The combustion characteristics of the fish-oil lésel and its blends can be analysed and compgresefdrring to

cylinder pressure-crank angle diagram and heaaseleate-crank angle diagram. To analyze the asilipdessure,
the pressure data of 100 cycles with a resolutibi°€A was averaged and then used. The cylindesspre

variations for the different fuels, diesel, fisH-biodiesel and their blends, B25, B50, B75 and B&@e shown in
Fig. 5. As seen in the figure, the peak cylinderspures of the fish-oil biodiesel and its blendslawer than that of
the diesel due to higher brake specific fuel corgtion of fish-oil biodiesels. The occurrence of pegylinder

pressures of the fish-oil biodiesels is little @&arthan that of diesel. For B25 blend, peak pressgcurs at TDC
and for other blends B50, B75 and B100 it occuré’abefore TDC, while for diesel fuel it occursTDC. The

oxygen content of the fish-oil biodiesels increafed—air mixing rate in the cylinder compared iesl, and this
situation may cause to extend the combustion duratnd enhance the combustion efficiency resultingigher

thermal efficiency.
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Figure 5. Comparison of Cylinder Pressure-Crank And¢e Diagram

Heat release calculations provide important infdfomaabout the combustion process in a diesel engiihe
comparison of heat release rate versus crank aligigams between different fish-oil biodiesel blershd diesel
are shown in Fig. 6. As seen in the figure, tlatstof combustion (SOC) timing for fish-oil bioda&s and blends
are little earlier than diesel due to their eartitart of injection timings. The SOC timing of tB&5, B50, B75 and
B100 was taken place at 16°CA before TDC, while $1@C timing in the case of diesel was occurrin@ CA
before TDC. This value shows that the SOC timinghwhe use of the biodiesels advanced more tharA1°C
compared to diesel. The premixed combustion phasalif blends of fish-oil biodiesels was found lenghan that
of diesel. This situation can be explained with¥aporization of fish-oil biodiesel which is morewly than diesel
and contributes less premixed combustion. Howetgeoxygen content affects SOC timing.
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Figure 6. Comparison of Heat Release Rate-Crank Arg Diagram

Diesel

3.3 Emission characteristics

The important emission characteristics of diesgirm include smoke, oxides of nitrogen, carbon mate and
unburned hydro carbon emissions. These emissioitsedrby the engine when fuelled with fish-oil biesel and
its blends, B25, B50, B75 and B100 have been coadpaith diesel and reported in the following pasgudrs.
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Figure 7. Comparison of Smoke density

The comparison of smoke density between fish-aidigsel blends and diesel is given in Fig. 7. Asnsim the
figure 7, the fish-oil biodiesel blends B25, B5078Band B100 produced higher smoke density, compaitd
diesel operations. The higher smoke density istdu@complete combustion of fish-oil biodiesel fuused by
poor vaporization and fuel-air mixing because eftitgher viscosity. As the brake power is increatedsmoke
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density is also increased for all fuels, which lisvious. Figure 8 shows the variation of oxides ibfogen (NQ)
versus brake power for different fuels, B25, B50,5BB100 and diesel. It can be seen that in genéshkoil
biodiesel blends produced higher oxides of nitrogerissions compared to diesel. However, the higlends of
fish-oil biodiesel with diesel (B75) and B100 praed lower NQ emissions compared with lower blends of fish-oil
biodiesel with diesel (B25, B50). The higher Nénissions of fish-oil biodiesels are due to itdieaor advanced
combustion starting compared with diesel.
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Figure 8. Comparison of Oxides of Nitrogen

08
07
06
0s
04
0z
02
01

1]

CO(%byvolume)

&

075 125 175 225 275 325 375 425 475 525
Brake Power (k¥Y)

=+ Diesel —®— B215 B50 =——B75 —+—— B100

Figure 9. Comparison of Co Emissions
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Figure 10. Comparison of HC Emissions

Figure 9 and 10 indicate the CO and unburned HG&oms of fish-oil biodiesel blends compared wiidsdl for

different engine loads. It is seen that CO emissiohfish-oil biodiesels are higher than that ofsail and HC
emissions of fish-oil biodiesel blends, except Blafe higher than that of diesel, however B100 farelduced
lower HC emissions than the diesel. The presendegbier CO and HC emissions indicate the chemicatgy of

the fuel which is not utilized during combustioropess. In this study the unburned HC, CO,Néissions and
smoke density, increased by 1.8%, 14.6%, 1.65% 3h#% with use of fish-oil biodiesel B100 at futhad

condition respectively when compared with diesel.
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CONCLUSION

The engine performance, combustion and emissioractaistics of hundred percent fish-oil biodieB&D0 and its
blends with diesel B25, B50, B75 were investigaded the results were compared with diesel and tegan this
paper. It was evidently seen that brake specifed ionsumption and brake thermal efficiency wergpeetively
10.54% and 1.5% higher for (B100) fish-oil biodieseel than that of diesel at full load conditiofthe combustion
analysis shows that the peak cylinder pressur®&26f B50, B75 and B100 are lower than that of tlesel and the
starts of combustion (SOC) timing of the B25, BBU5 and B100 was taken place at 16° before TDClevthie
SOC timing in the case of diesel was occurring %t Hefore TDC. The exhaust gas temperatures of Bi€@
2.2% to 9.7% lower than that of diesel at the déffe loads. The use of hundred percent fish-oitligisel fuel, B100
in the test engine at full load produced 34.95%5%, 14.6%, and 1.8% higher smoke, NOO and HC emissions
respectively when compared with diesel fuel.
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