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Abstract: Problem statement: The increasing awareness of the environmental rlazand the
alarming levels of air pollution have led to moestrictive regulations on engines emission coritrol
recent yearsApproach: The dwindling resources and rising cost of cruidlehad resulted in an
intensified search for alternate fuels. In the ene¢study biodiesel (palm oil methyl ester) blendth
diesel was investigated in a direct injection stairy diesel engine. The stationary engine test bed
used consists of a single-cylinder four stroke eliengine, eddy current dynamometer with computer
control data acquisition system and exhaust enmissimalyzerResults: Engine tests were conducted
at constant speed using neat diesel fuel and vanwaportions of biodiesel blends. The exhaust
emissions such as CO, HC and NOx were measured) wsthaust gas analyzer. Performance
characteristics like brake thermal efficiency amkdfic fuel consumption were recorded. The
differences in the measured emissions and perfarenaf the biodiesel-diesel fuel blends from the
baseline operation of the engine, i.e., when wagrkivith neat diesel fuel were determined and
comparedConclusion: It is concluded that the lower blends of biodideeteased the brake thermal
efficiency and reduced the fuel consumption. Bisdieblends produces lower engine emissions than
diesel. From the result, it has been establishat 20-40% of palm oil biodiesel can be use as a
substitute for diesel without any engine modifioas.
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INTRODUCTION fuel and diesel fuel and diesel engines evolvedttway.
In the 1930s and 1940s vegetable oils were used as

Diesel engines are the major source ofdiesel fuel from time to time, but only in emerggnc
transportation, power generation, marine applioatio situations. Recently, there has been a renewed focu
etc. Hence diesel is being used extensively, bettdu use of vegetable oils and biodiesel fuel (Suryawans
the gradual depletion of fossil fuel reserves and t 2006; Prasa@t al., 2009). Different kinds of vegetable
impact of environmental pollution, there is an urge oils and biodiesel have been tested in diesel esgits
need for suitable alternative fuels for the useCih reducing characteristic for greenhouse gas emission
engine (Kumaet al., 2008). In view of this, Vegetable its help on reducing a country’s reliance on craie
oils have become more attractive recently becafite o imports, its supportive characteristic on agrictdtiny
environmental benefits and the fact that it is miden providing a new market for domestic crops, its effe
renewable resources. Vegetable oils are a renewablgbricating property that eliminates the need o¥ an
and potentially inexhaustible source of energy veith lubricate additive and its wide acceptance by \ehic
energetic content close to diesel. More than onenanufacturers can be listed as the most important
hundred years ago, Rudolf Diesel tested vegetdbéso advantages of the biodiesel fuel (Srivastava anurde
the fuel for his engine (Sharnehal., 2008; Anbumani  2008; Karaosmanoplu, 1999; Lawreneeal., 2011;
and Singh, 2010). With the advent of cheap petroleu Singh and Singh, 2010). There are more than 350 oil
appropriate crude oil fractions were refined toveesis bearing crops identified, among which only jatrapha
Corresponding Author: B. Deepanraj, Department of Mechanical Engineering, Adhiparasakingineering College,

Melmaruvathur-603319, Kancheepuram District, Taadin, India
1154




Am. J. Applied Sci., 8 (11): 1154-1158, 2011

ongamia, sunflower, safflower, soyabean, cottonseedable 1: Properties of diesel and biodiesel _
rapeseed and peanut oils are considered as pbtentoperties Diesel Biodiesel

alternative fuels for diesel engines. The presewlysaims g;"eocrii]fiig g‘]’gt’/ﬁ;kﬂ k9 4240%%%02 39078'322

to investigate_ th_e_ use of_ palm oil as an alterfs@éfor  yjscosity at 40°C (c-s) 3.720 7.100

compression ignition engine. Flash point (°C) 62.000 108.000
Flash point (°C) 75.000 114.000

MATERIALSAND METHODS lodine value 38.300 71.440

Biodiesel Preparation: Biodiesel is the ester of Taple 2: Specification of test engine

vegetable oils produced through a process calleéngine type 4 stroke, single cylinder, DI Engine

transesterification. Transesterification is a cleahi Stroke 110 mm

reaction which occurs between triglyceride and fadto Eg\r;er gOGQTW

(generally methyl alcohol)_ in the presence of aalgta@ Rated speed 1500 rpm

(generally sodium hydroxide of potassium hydroxide) Cooling type Water cooled

It consists of a sequence of three consecutivetiogsc L0ading type Eddy current dynamometer

where triglycerides are converted to diglycerides;
diglycerides are converted to monoglycerides foddw
by the conversion of monoglycerides to glycerol
(Fukudaet al., 2001; Vivek and Gupta, 2004). In each
step an ester is produced and thus three estecuhede
are produced from one molecule of triglyceride.

Palm oil used in the present investigation was
taken from the local market and filtered by cheksthc
to remove the solid particles. The moisture conteas
removed by heating the oil in an oven up to 1108€C f
one hour. Now the oil is taken in a round bottoasH
of volume 500 cm 3 and heated around 50-60°C on a
hot plate having magnetic stirrer arrangement. Then

methanol and sodium hydroxide (catalyst) are added l Ecjli;‘_ﬂ‘e“?i“e % _
the oil. The mixture was stirred continuously. Alcd 5 Rl I\'qtrlirlient SOt
to vegetable oil molar ratio is one of the impottan i .mb,a

. . 4. Airbox
factors that affect the conversion efficiency ot th N —
process. For the transesterification process, 3 ohol 5. Puekink

alcohol are required for each mole of the oil T Fiel i ik
However, in practice, the molar ratio should be
higher than this theoretical ratio in order to d@rithe
reaction towards early completion. ) )

After the completion of reaction, the products areFig. 1: Experimental setup
allowed to separate into two layers. The lower taye

contains glycerol and the top layer contains estéch  Experimental setup and procedure: A four stroke,

is separated and purified using distilled water.t Hogingle cylinder, water cooled, direct injection sé&
distilled water (10% by volume) is sprayed over theengine was used for the performance tests. The
ester and stirred gently and allowed to settlehia t pecification of the test engine is shown in Tahl&he
separating funnel. The lower layer is discarded an%xperimental set-up diagram is shown in Fig. 1
upper layer (purified biodiesel) is separated (N, Experiments were carried out initially using ne'mtséi '

2006; Anandranet al., 2006). el he b line d f dire
Biodiesel (methyl esters of palm oil) have several uel to generate the base line data. After recey

outstanding advantages among other new-renewablfeSe line data, tests were carried out using 103a0

diesel and biodiesel (palm oil methyl ester) used i conducted at various loads starting from no loatulio
the present investigation were compared with dieseload and the parameters related to performance and
fuel in Table 1. emission characteristics were recorded.
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RESULTSAND DISCUSSION Specific Fuel Consumption (SFC) is a measure of
the efficiency of the engine in using the fuel digipto
The emission and performance characteristics oproduce work. It is desirable to obtain a lowerueabf
the engine are presented for different percentajes SFC meaning that the engine used less fuel to peodu
load for diesel and biodiesel blends. the same amount of work. Figure 6 shows the SFC of
Figure 2 shows the variation of unburnedPOME blends with diesel. The specific fuel
hydrocarbon (HC) emission with respect to load. Theconsumption keeps on decreasing with increasing. loa

unburned hydrocarbon emission gradually increase¥ can be seen from the figure that in case of iewel
with increase in load. This is due to the increased!€nds, the specific fuel consumption values were
amount of fuel injection at higher loads. At maximu detérmined to be higher than that of neat diesell #t

load condition B30. B40 and B50 blends prOducemaximum load condition, B40 and B50 blends produce

17.54, 19.4 and 21.3% lower HC emission respetytivelZ'9 gnd 13'03% hig:er S_FC :hatr;] ne}at fiitezhsetl Lgdg_Th |
than neat diesel fuel. This is due to the compéetd rend was observed owing fo he fact that blodiese

. o . . blends have lower calorific value than neat didael
stable combustion of the biodiesel, which contanmse - .
and thus more amount of biodiesel blend was reduire

number of oxygen atoms. .
. . ., for the maintenance of a constant power output.
Figure 3 shows the variation of carbon monoxide Figure 7 shows the variation of exhaust gas

(CO) emission with respect to different loads. W@  emperature with different loads for different hiestl
emission increases with increase in load. From thelends and diesel. The results show that the exlumss
figure it is observed that the biodiesel blendsdpoe  temperature increased with increase in load inaks.
lower CO emission than diesel. At 50% load conditio
B30 and B40 produce 36.5 and 41.23% less CO
emission than diesel. This is due to the compled a
stable combustion of the biodiesel, which contaiuse
number of oxygen atoms.

Figure 4 shows the variation of NOx emission with 128 i
respect to load. From the figure, it was observeat t 60 - r
biodiesel blends produces higher NOx emission than 40 -
diesel fuel at both full and partial loads. At nmaxm 20 4
load, B40 and B50 blend produce 19.6 and 22.13% 0 - ) T

higher NOx emission than neat diesel fuel. For 50%

160 -
140 -
120 4

HC (ppm)

load condition, these blends produce 18.46 and528.0 Lot
higher NOx emiSSion than diese| fueL ThIS iS bseau H0B- 100 D®10B- 90 D m20B- 80 Dm 30B- 70 Dm 40B- 60 Dm 50B- 50D
of higher temperature of combustion and the presenc
of fuel oxygen with the biodiesel blends. Fig. 2: HC Vs load
Figure 5 shows the variation of brake thermal
efficiency with different loads for different biceiel L&

blends and diesel. The brake thermal efficiency is
defined as the actual brake work per cycle dividgd
the amount of fuel chemical energy. From the figitire
is observed that brake thermal efficiency increasiés
increase of load. At maximum load, B40 and B50

blends produce 8.95 and 12.85% lower brake thermal 04 -

efficiency than diesel. This reduction in brakerthal 0.2 m H

efficiency with biodiesel blends was due to higher : :
0 25 50 75

1.2 4
1 4
0.8

CO (%)

0.6

0 :
viscosity, poor spray characteristics and lower 100
calorific value. The higher viscosity leads to Lima o)
decreased atomization, fuel vaporization and ~ ®0B- 100 DsIOB- 90 Di20B- 80 DE30B- 70 Da40B- 60 Du 50B- 50 D
combustion and hence the thermal efficiency of the

biodiesel blends is lower than that of diesel. Fig. 3: CO Vs load
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Fig. 4: NOx Vs load Fig. 7: EGT Vs load

75 CONCLUSION

From the experimental analysis it was found that
the blends of POME and diesel could be successfully
used with acceptable performance and better emissio
up to a certain extent. The result of this analysis
summarized as follows:

20 -

15

10 -

BTE (%)

e The biodiesel blends produce lower carbon
monoxide and unburned hydrocarbon emission
than neat diesel fuel due to the availability of
oxygen content

* Biodiesel produces higher oxides of nitrogen than
diesel because of the higher temperature inside the
combustion chamber

* Biodiesel blends produce lower brake thermal
efficiency and higher specific fuel consumption

0 25 50 75 100
Load (%)
B0B- 100 DELOB- 90 D#20B- 80 DE30B- 70 DE40B- 60 Du50B- 50 D

Fig. 5: BTE Vs. Load

12 than diesel because of the low calorific value
Lo » Biodiesel blends produce higher exhaust gas

2 10 temperature than neat diesel fuel
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