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ABSTRACT

Petroleum based fuels worldwide have not only tesuin the rapid depletion of conventional energy
sources, but have also caused severe air pollufibe. search for an alternate fuel has led to many
findings due to which a wide variety of alternatifuels are available at our disposal now. The éxjst
studies have revealed the use of vegetable oilerfigines as an alternative for diesel fuel. Howgver
there is a limitation in using straight vegetabils in diesel engines due to their high viscositg dow
volatility. In the present work, neat cotton seatlis converted into their respective methyl ester
through transesterification process. Experimentsevawnducted using various blends of methyl ester
of cotton seed oil with diesel in a single cylindéyur stroke vertical and air cooled Kirloskar si¢
engine. The results showed higher brake thernfedieficy and lower brake specific fuel consumption
for B25 when compared to other blends . There igppreciable decrease in HC emission while the
decrease in CO emission is marginal. However, tieen increase in the emission of N®eduction

in smoke emission is observed for B25 at all logusticularly there is a marked decrease of 5.4% at
full load when compared to diesel. It was obsertreat the combustion characteristics of the blerfds o
methyl ester of cotton seed oil with diesel follav&osely with that of the base line diesel.

Keywords: Biodiesel, Methyl Ester of Cotton Seed QOil, Pamiance, Emission, Combustion

1. INTRODUCTION sunflower, soyabean, cottonseed, mango seed, epese
and peanut oils are considered as potential atfgeena
India is importing crude petroleum and petroleum fuels for diesel engines. Traditional oilseed féecls for
products from gulf countries. Indian scientistsrekad biodiesel production predominantly includes soyabea
for an alternate to diesel fuel to preserve thebaglo rapeseed/canola, palm, corn, sunflower, cottonseed,
environment and to withstand the economic crisssfak peanut and coconut oil (Sylvester and Ohimain, R0MI3e
as India is concerned because of its vast agrestfgre long chain hydrocarbon structure, vegetable oilseha
base, fuels of bio origin can be considered todsali  good ignition characteristics, however they caws®sas
alternative renewable fuels to run the internal problems such as carbon deposits build up, poor
combustion engines. Vegetable oils from plants bothdurability, high density, high viscosity, lower ogfic
edible, non-edible and methyl esters (Biodiesed)used  value, more molecular weight and poor combustion.
as an alternate source for diesel fuel. Biodiesak w These problems lead to poor thermal efficiency,levhi
found to be the best alternate fuel, technically, using vegetable oil in the engine. These probleamshe
environmentally acceptable, economically competitiv rectified by different methods which are used tue the
and easily available. There are more than 350egiting viscosity of vegetable oils. The methods are
crops that have been identified, among which only transesterification, dilution and cracking meth@&ingh,
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2012). The transesterification of vegetable oikgibetter = maximum of 800 mL methyl ester of cotton seed oil
performance when compared to straight vegetable oil(biodiesel) production was observed for 1 litrerafv
(Shereena and Thangaraj, 2009). Implementation ofcotton seed oil, 250 mL of methanol and 13 gm of
biodiesel in India will lead to many advantagee likeen  potassium hydroxide at 60°C.

cover to waste land, support to agriculture, racnomy,

reduction in dependence on imported crude oil and 2.2. Biodiesel Properties

reduction in air pollution (Jain and Sharma, 2011). A series of tests were conducted to characterige th
properties and compositions of the produced biadies
2. BIODIESEL PRODUCTION AND The properties and compositions of biodiesel asd it
CHARACTERIZATION blends with diesel fuel are shown irable 1 and 2
respectively. It is shown that the viscosity of dimsel
2.1. Biodiesel Production Procedure is evidently higher than that of diesel fuel. Thendity

of the biodiesel is approximately 8.16% higher than
that of diesel fuel. The gross calorific value is
approximately 9.12% lower than that of diesel.
Therefore, it is necessary to increase the fuelwrho
to be injected into the combustion chamber to poadu
the same amount of power. Fuels with flash point
52°C are regarded as safe.

Thus, biodiesel is an extremely safe fuel to handle
when compared to diesel. B25 has a flash point much
habove that of diesel; making biodiesel a preferable
choice as far as safety is concerned. With thecase of
biodiesel percentage in blends, solidifying poirt o
blends increases (@i al., 2009).

The biodiesel fuel used in this study was produced
from the transesterification of raw cotton seed olie
transesterification process of cotton seed oil was
performed using 13 gm of potassium hydroxide and
250 mL of methanol per litre of raw cotton seed oil
First, raw cotton seed oil was taken in a contaaat
stirred with a mechanical stirrer and simultanegusl
heated with the help of a heating coil. The spetd o
the stirrer should be minimal till the temperatuke
the raw oil reaches 55°C. Then, KOH was mixed wit
methanol separately in a beaker and stirred uhéi/t
were properly dissolved. The solution was then ddde
to the preheated cotton seed oil in the reactortard
reactor was closed with air tight lid. Now the dadn
was stirred at high speed of 650 rpm, care shoeld b 3. EXPERIMENT
taken that the temperature does not exceed 60°C ag .
methanol evaporates at temperature of 65°C. Also th 5-1. Equipment and Method
KOH-alcohol solution was mixed with cotton seed oil The engine Kirloskar TAF 1 was used in the
only at 55°C because heat generated when KOH-experiment and its specification are shownTable 3
alcohol were mixed together and the temperature ofthe |ayout of the experimental setup is showrign 1
the raw oil should be more than this when the ngxin  An eddy current dynamometer was connected with the
was done if the reactions have to take place pfpper engine and used to measure engine power. An exgasist
After the mixture was stirred for 30 min at a fixed analyser MRU DELTA 1600-L was employed to measure
temperature of 60°C, the solution was transferced t NO, HC, CO, Q and CQ emission on line. To ensure the
glass container where the separation of glycerk@sa easured values were high, the gas analyser was
place and allowed to settle down for 15h. calibrated before each measurement using refeggrsess.

Now the methyl ester of cotton seed oil (biodiesel) The AvL smoke meter was used to measure the smoke
gets collected in the upper portion of the glass yengity The smoke meter was also allowed to adfsist

Eog{tamer, t\_/vherefésd gl_yctazm bgftts clollected taF thezero point before each measurement. The AVL
IO om poTrhlon 3}” b.raél.n Ie ottom ﬁyzr C%r]' amltn combustion analyser was used to measure the
glycerin. then the biodiesel was washed with Waler, .,y stion characteristics of the engine.

again glycerin gets separated from the biodiesel an
therefore removed. Again biodiesel was washed with3.2. Engine Test Procedure

water repeatedly for 4 to 5 times at a time intépfal ) , , .
hr until no glycerin was left in the biodiesel. Ndhe The experiments were carried out by using diesel as

biodiesel was heated at 103°C to 105°C in order tothe base line fuel (B0), 25% biodiesel +75% diesel
remove the water contained in it. Finally, the (B25), 50% biodiesel +50% diesel (B50), 75% bioélies
produced Methyl Ester of Cotton Seed Oil (MECSO) +25% diesel (B75) and 100% neat biodiesel (B100) at
was left to cool down and was ready for use. A different loads from 0% to 100% of rated enginedlaa
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steps of 25%. Before running the engine to a neak fu power output, fuel consumption, exhaust emissians a
was allowed to run for sufficient time to consunme t cylinder pressure were measured. Significant engine
remaining fuel of the previous experiment. performance parameters such as Brake Specific Fuel
To evaluate the performance parameters, theConsumption (BSFC) and Brake Thermal Efficiency
important operating parameters such as engine speedBTE) for biodiesel and its blends were calculated.

C 10 g 4
=B 10 [

|

sos
e

[a—
—_

1. Kirloskar TAF1 engine 8. Air filter

2. Eddy current dynamometer 9. AVL smoke meter

3. Control pannel 10. Exhaust gas analyser

4. Injector 11. Exhaust silencer

5. Fuel pump 12. Crank angle encoder

6. Fuel tank 13. AVL combustion analyser

7. Air stabilizing tank
Fig. 1. Layout of experimental setup

Table 1.Properties of biodiesel in comparison with diesel best blend

Property Diesel B 25 B 100
Specific gravity @ 15°C 0.8290 0.8459 0.8965
Kinematic viscosity @ 40°C in cSt 2.5700 3.3800 BBO
Density @ 15°C (kg//) 828.1000 845.0000 895.7000
Flash point °C 53.0000 81.0000 162.0000
Fire point °C 59.0000 88.0000 173.0000
Gross calorific value (kJ/kg) 44,680.0000 43,663.0000 40,610.0000
Cetane number 51.0000 51.3000 52.0000

Table 2. Fatty acid composition of biodiesel

Type Fatty acid ENISO

Unsaturatd 1. Oleic 18:1 38.34
2. Linoleic 18:2 33.87
3. Palmitoleic 16:1 <0.01

Saturated 4, Lauric 12:0 <0.01
5. Palmitic 16:0 21.87
6. Stearic 18:0 4.12
7. Arachidic 20:0 0.46
8. Myristic 14:0 0.40
9. Margaric 17:0 <0.01
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Table 3. Specifications of the test engine The variation of exhaust gas temperature with brake
Make and model ‘Kirloskar TAF 1 power for diesel, MECSO and its blends are shown in
Type :Four stroke, compression, Fig. 4. Exhaust gas temperature increases with the

air cooled, direct injection increase in percentage of MECSO in the blend. Bist i
Bore stroke :87.5x110 mm observed that the exhaust temperature of B25 isenea
Compression ratio 117.5:1 to diesel. Since the viscosity of B25 is closetHat of
Swept volume :661cM diesel, it improves the combustion process comptred
Connecting rod length 1220 mm

B100 and other blends. Also, the compounds with

Rated power 4.4 kW . . .
Rated speed 1500 rpm higher molecular weight presgnt in the MECSO _bLIrn a
Start of injection -23° BTDC a later stage of combustion, increasing the conntrust
Injection pressure 200 bar temperature and exhaust temperature. Howeverh#or t
other blends and B100 the temperature is high.
4. RESULTS 4.2. Emission Characteristics

Figure 5 shows the variations of CO emission with
respect to brake power of the engine. The air-fuel
Significant engine performance parameters such asmixing process is affected by the difficulty in

BTE and BSFC are evaluated for MECSO and dies@. Th atomization of biodiesel due to its higher viscesit
BSFC is an ideal parameter for comparing the engine Also, the resulting locally rich mixtures of biodid
performance of fuels having different calorific was and  cause more CO to be produced during combustion.
specific gravities. BSFC is the ratio between thassn However, biodiesel which contains more number of
flow rate of the tested fuel and effective power. oxygen atoms leads to more complete combustion. At
Figure 2 shows the BSFC variation of the biodiesel low and middle engine loads, the percentage of CO
and its blends with respect to brake power of theemissions of biodiesel and its blends are higher
engine. The BSFC of the engine with neat MECSO compared to diesel. This may be due to relativelgrp
(B100) is higher when compared to B25, B50, B75 andatomization and lower volatility of biodiesel. As a
diesel at all loads. The lowest BSFC's are 0.291,0. resu]t, some of the fuel drop|ets may not get bdrne
0.32, 0.34 and 0.36 kg/kw h for BO, B25, B50, Bfla  \wyhen these unburned droplets mix with the hot
B100 respectively. This may be due to lower heating compustion gases, oxidation reactions occur, butato
value, higher viscosity and density of MECSO. The p5ye enough time to undergo complete combustion. At
primary reason is, increase in BSFC with increase i high engine load, the percentage of CO emission of
fuel blends is the additional consumption of biceie B100 is 0.11 but the percentage of CO emission2s,B
fuel by the test engine in order to maintain comista B50 and B75 are 0.07, 0.08 and 0.09 respectively. |
power output (Subramaniaehal., 2013). o L . "
- . . vividly indicates that the combustion efficiency
Brake Thermal Efficiency (BTE) is the ratio . ith the blend of MECSO with diesel and
between the power output and the energy introducedMProves Wi € blend o Wi Iese! an
reduction in CO emission when compared to neattlies

through fuel injection, the latter being the protdoé X X : .
the injected fuel mass flow rate and the lower ingat €XC€Pt B100. Since the increase in the quantity of
diesel in the blend improves the performance from t

value. The brake thermal efficiency plots kig. 3 =cl g ) o 4

increase in the engine load as the amount of diesel ©On the amount of diesel to be replaced or the level
the blend increases. Even a small quantity of disse emission that can be tolerated.

the blend improves the performance of the engime T The variation of HC emission with brake power is
brake thermal efficiency of the B25 blend was kbette shown inFig. 6. The emission of HC decreases as the
than other blends, which is very close to diesgisTs diesel is substituted by biodiesel. It is clearnirdhe
due to reduction in viscosity which leads to impedv  figure that an increase in biodiesel percentagdslda
atomization, vaporization and combustion. Due to adecrease in the HC emission. Cetane number ofdseti
faster burning of biodiesel in the blend, the thairm is higher than diesel, due to this it exhibits stodelay
efficiency improved. The value is 27.92% as againstperiod, which contributes to better combustion wélf
28.56% for diesel at 100% load. resulting in low emission of HC.

4.1. Performance Characteristics
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Another reason can be the oxygen molecules presentliffusive combustion for the B25 blend. Reduction i
in the structure of biodiesel, which helps in coetel smoke emission of about 5.4% is recorded at fiddlo
combustion of the fuel and hence decreases HCfor the B25 blend. Another reason of smoke redugtio
emission. At lower loads, the blends containingginér when using biodiesel is due to the lower C/H ratiul
percentage of diesel will have higher HC emissitn. absence of aromatic compounds as compared to diesel
may be due to lower viscosity of the higher peragatof The carbon content in biodiesel is lower than diese
diesel in the blends and a larger diesel dispensigion fuel. The more carbon a fuel molecule contains, the
in the combustion chamber. At full load, diesel had more likely is to produce soot. Conversely, higher
highest HC emission of 35 ppm where as for B10@ethe oxygen content in the biodeisel leads to lower soot
was a reduction of 14.28% HC emission. formation (Xueet al., 2011).

The variation of NQ with brake power for diesel, . Lo
biodiesel and its blends are shown Fig. 7. Three 4-3. Combustion Characteristics
factors that affect the formation of N@n the cylinder Figure 9 shows the variation of cylinder pressure
are oxygen content, combustion flame temperatute an yith crank angle for diesel, biodiesel and its dlermt
reactipn time._ N@emissions of biodiesel and its blends 150 rpm and full load conditions. Peak pressure
are slightly higher than those of diesel fuel. Thgher  qiny depends upon the combustion rate in theainit
temperature of combu_stlon and t_he_presence (_)f oxyge stages, which is influenced by the fuel taking part
W.'th b|0d_|esel cause hlgher_l\,l@m|55|ons, espe<_:|ally al ncontrolled heat release phase. The combustion
high engine loads. NGemissions were found to increase process of test fuel is similar, consisting of agh of

gilgedifS;TGbIg;]%sse?’gzéfa?xggo%);ygen in the molecofe premixed combustion followed by a phase of diffusio
However the biodieéél with.higher cetane numbercombustion. Premixed combustion phase is controlled
' o : : by the ignition delay period and spray envelopehaf
had comparable NQemissions with the diesel fuel. A dinjected fuel (Devan and Mahalakshmi, 2009a).

higher cetane number would result in a shortene Theref he vi . d volatility of the fue
ignition delay period, thereby allowing less tinoe the erefore, the wscosny and volatility o t. € Ve a
very important role to increase atomization ratd &m

air-fuel mixing before the pre-mixed combustion pha : - 4 !
Consequently, a weaker mixture would be generatedMProve air-fuel mixing formation. The cylinder pea
and burnt during the premixed combustion phasePréssure because of the high viscosity and low
resulting in relatively reduced N@ormation. From the volatility of b|0d|esel and |ts.blends is slightlywerer
figure, it is clear that at full load, NOemission for  than that of diesel fuel. It is observed that thealp
B100 was 23.8% higher than that of diesel whereas f Pressures of 67.23, 67.19, 66.49, 65.75 and 65at8 b
B25, the NQ emission was 3.5% higher. N@mission were recorded for diesel fuel, B25, B50, B75 and®1
is the most harmful gaseous emissions from therespectively. However, the cylinder peak pressufre o
engines; the reduction of it is always the targét o biodiesel fuels was close to diesel due to the
engine researchers and engine manufacturersimprovement in the preparation of air-fuel mixtae a
Reduction of NQ with biodiesel may be possible with result of low fuel viscosity (Devan andahalakshmi,
the proper adjustment of injection timing and by 2009b; Ozsezest al., 2009).
introducing Exhaust Gas Recirculation (EGR) or  The variation of heat release rate with crank aagle
Selective Catalytic Reduction technology (SCR). full load for diesel, biodiesel and its blends ahewn in
Figure 8 shows the variation of smoke density with Fig. 10. It is observed from the results that the heat
brake power for diesel, biodiesel and its blendseré release rate for biodiesel and its blends are lower
is a significant reduction in smoke emission of 2fi%% compared to diesel fuel. However B25 gives mord hea
B100 at full load compared to diesel because of itsrelease rate than other blends. On the other hasak
oxygenated nature. But at low and middle engineldoa heat release rate for B100 is low compared to B2b a
the smoke density is higher than diesel. This ie tu  this may be due to lower volatility and higher dsity
the high viscosity of biodiesel, which results inop of B100 (Prabhuet al., 2013). The maximum heat
atomization and locally rich mixtures at part load release rate of diesel fuel, B25, B50, B75 and Bi00
operations. But at high engine load, smoke density 114.42, 111.76, 106.21, 98.39 and 89.66Rd&y
all biodiesel blends is lower than diesel fuel. &mas respectively. A Closer analysis of the heat release
mainly produced in the diffusive combustion phabe; at higher engine load showed proper utilizatiorB25
oxygenated fuel blends lead to an improvement ininside the combustion chamber of the engine.
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5. DISCUSSION method of transesterification. The tests for prdéiper
of biodiesel demonstrate that almost all the imaoftt
Fuel saving and exhaust emissions reduction areproperties of biodiesel are in close agreement with
the key concern of this study. As per the resuldtwer diesel fuel. Thus the diesel engine can perform
brake specific fuel consumption and higher brake satisfactorily on biodiesel and its blends with s#ie
thermal efficiency are observed for B25 than other fuel without any engine modifications. The resufs
blends. Exhaust emission like smoke is less due tothe present work are summarized as follows:
less carbon atoms, lack of aromatics compoundsemor

oxygen content and better atomization of the blende , The BSEC increases with increase in percentage of

fuel. Low HC and high NQemissions are by the fact biodiesel in the blends due to lower heating vaifie
that oxygen-rich concentration and lower cetane biodiesel

number of the biodiesel. Higher heat release ratt a , 1he BTE of B25 is closer to diesel at all loads

hicgfherl cylinder lprtezsgretr?redm;elinly dl.Jedto thet;erm?u « Except B100, the emission of CO for B25, B50
of Tuel accumulated in the aelay period, combustion and B75 are lower than diesel at full load

L?)tr?] I?ettgic;rrugilsﬁgiggfstﬁfe F;ri?_?:jlgfgﬂi?ﬂ:usum a It is observed that there is a significant reductd
P ' HC for biodiesel and its blends at all engine loads

e The emission of NQ is higher than diesel for
. NCLUSION
6. CONCLUSIO biodiesel and its blends, but for B25 slight incea
In the present investigation, the performance,  Ofonly3.5% atfullload o _
emission and combustion characteristics of a direct® ~Reduction of smoke emission for biodiesel and its
injection, compression ignition engine fuelled with blends than diesel at full load, whereas for B25

methyl ester of cotton seed oil and its blends have reduction is observed at all engine loads. Compared
been analyzed and compared with diesel fuel. The to diesel, decrease in smoke emission of 5.4% is
biodiesel is produced from raw cotton seed oil by a observed for B25 at full load
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* The combustion starts earlier for biodiesel and its Ozsezen, A.N., M. Canakci, A. Turkcan and C. Sayin,

blends than diesel. The peak cylinder pressure and
heat release rate of biodiesel and its blends are
lower than diesel
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