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ABSTRACT

In this study the performance and emission characteristics of diesel engine fueled with diesel/Argemone biodiesel blends has
been evaluated. An experiment was conducted on an indirect injection (IDI) compression ignition (Cl) engine using diesel
and diesel/Argemone biodiesel blends. The result shows that with an increase in Argemone biodiesel blend ratio (up to B30)
the performance characteristics such as brake thermal efficiency, brake specific fuel consumption, indicated thermal efficiency,
indicated mean effective pressure improved and resulted in significant reductions in CO and HC emissions. However, an
increase in CO, and NO, emissions was observed for all biodiesel blends. The maximum value of brake thermal efficiency of
33.57 per cent was obtained for B30 at full load @2500 rpm. The blends showed deterioration in brake thermal efficiency
and brake specific fuel consumption at partial loads and high rpm conditions. The comprehensive analysis of experimental
results shows substantial improvement in engine emissions and performance characteristics by the utilization of 30 per cent
AOME and without carrying out any engine modification.
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INTRODUCTION

Energy is an essential element for the economic and social development of a country. The demand for energy
around the world is continuously increasing. Most of the world’s energy is derived from fossil fuels which includes
coal, petroleum fuelsand natural gas. Thetransport sector isthe main consumer of petroleum fuels. Asper an estimate
(Statistical review of world energy and resources, 2014); with the discovery of new oil fields, thetotal world proved oil
resourcesreached 1687 billion barrelsat the end of 2013 that are sufficient to meet only 53.3 years of global production
of oil.

Besidesthefast depletion of petroleum fuels, another problem of concernisthegradual environmental degradation
duetofossil fuel combustion. Inthetransport sector, the Cl engines have an added advantage of being more efficient
as compared to gasoline engine. However the higher NOx and smoke emissions from Cl engines remain a problem
which hindersitsincreasing applicationsdueto stringent emission norms. Thusit isimperativeto develop low emission
clean aternativefuel for usein diesel enginesand biodiesel isapromising biodegradable fuel that hasthe potential to
replacethe petroleum diesdl.

Sufficient literatureisavail ablewith advantages derived using biodiesel: renewabl e nature, safeto handle, practically
no sulfur content, no aromatic compounds, oxygen in fuel molecul eswhich result in reductionin emissions of carbon
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monoxide (CO), unburned hydrocarbon (HC) and particulate matter (PM) (Demirbas, 2007). Also production of
biodiesel can enhance employment and economic development in rural areas, to devel op long term replacement of
fossil fuelsand to reduce the national dependency on petroleum products (M oser, 2009)

Vegetable oils are the main resources for world biodiesel production (Halek, 2009). However, there are many
reasonsfor not using edible oilsas asource of biodiesel production becauseit may lead to global imbalance asit can
increasethefood pricesand cause reduction intheir availability. Thus, thefocus of the world has been shifted towards
the non-edible oils which can grow on the wasteland and cannot be used for human nutrition. As listed by Azam
(2005), 75 non-edible plant oilshave morethan 30 per cent oil intheir seeds or kernels. A number of studies have been
doneon non-edible oilsviz., jatropha(Patil, 2009), Karanja(Naik M., 2008), tobacco (Velikovic, 2006), neem (Nabi,
2008), seamango (Kansedo, 2009) etc. But a serious drawback which most non-edible oils haveis a high content of
free fatty acids (FFAS), which increase the biodiesel production cost (Leung, 2010). However, crude argemone oil
(CAO) though being a non-edible oil, haslow free fatty acid value of 1.83 (i.e. lessthan 2 %), which meansAOME
can be easily produced with single step transesterification process (Sithta, 2012) Most of the previousinvestigations
show that biodiesel blending (up to a certain extent) improves the combustion process which resultsin higher brake
thermal efficiency and reduced brake specific fuel consumption (Reference). Further, it also resultsin reduction of
emissions such as CO, HC, PM and SO, (Ozsezen et al., 2009). However, the increase in CO, and NO, emissions
were observed by Lin (2007) dueto 10-11 per cent more oxygen content that leads to complete combustion and is
responsiblefor conversion of CO to CO, thereby increasing the cylinder temperature, resultingin higher NO, emissions.
However, it isbelieved that fuels having higher viscosity than diesel (such as biodiesels) shows good result in IDI
engines as compared to DI engines. Thisis due to cumulative effect of two factors. Firstly, mixing of cil and air is
better dueto turbulencein the pre-combustion chamber. Secondly, NO, formationislessaslessairisavailableinthe
secondary combustion chamber and thetemperature of main cylinder isalso lessas compared to DI engine. (Hossain
and Davied, 2012) Asthebiodiesel hasdifferent physical and chemical propertiesfrom mineral diesel including lower
heating value and higher stoichiometric fuel/air ratio, the biodiesel will affect the performance and emissions of aCl
engine. Also, the performance and emission characteristics will be different for the same biodiesel used in different
types of Cl engine. Argemone Mexicana oil (toxic and adulterer to mustard oil) isanon-edible oil that haslow free
fatty acid content and easily availability in India. But thereisno comprehensive study available on the performance
and emission characteristics of Argemone oil methyl ester (AOME) in any multicylinder IDI engine. Inthe previous
studies, limited experimentation has been carried out with AOME. The results showed significant improvement in
performance and emission characteristics (Kumar, 2014). In thisstudy, biodiesal was produced from argemone maxecana
crude oil by the method of transesterification. This study aims to investigate the properties of biodiesel/diesel and
performance and emission characteristics of a multicylinder IDI engine operating on biodiesel —diesel blends and
comparing theseresultswith diesdl.

EXPERIMENTAL PROCEDURE

Argemone mexicana, has been selected as afeedstock for biodiesel production. It haslow freefatty acid value,
non-edibleand iseasy availablein India. Thisplant isan annua herb whichisacommonweed in both agricultura and
waste lands. The plant originated in tropical America but now it thrives well in India, Pakistan and Bangladesh.
Traditionally, it isreported to be used asdiuretic, purgative, anti-inflammatory, anal gesic and believed to destroy the
worms, cureitching, various skin diseases and an antidote to various poisons (Dash, 2011). The plant reaches aheight
of 2-3 ft, flowers during the month of March-April and setsfruit in the month of May-June (Ahmed et al., 2011). The
fatty acids present in Argemone mexicanaseed oil is Myristic acid, Palmitic acid, Stearic acid, Oleic acid; Linoleic
acid and Arachidic acid (Rao, 2012). Since, the FFA of Argemone mexicanaislessthan 2 per cent therefore, single
step transesterification has been used for the production of methyl esters of Argemone oil. To start with the process
15g of Nametal was added to 260 ml methanol and was allowed to stand for 10 minutes; they react to form sodium
methoxide (strong base). This mixture was then added to 1000 ml of crude argemone oil (preheated at 80°C) and the
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mixture was kept under constant agitation with the help of amotor at 250 rpm for two hours at atemperature between
65-70°C, to maintain the uniform heat transfer ratein the system. The mixture at the end of the reaction was alowed
to settle. The lower glyceral layer was drawn off while the upper methyl ester was washed to remove entertained
glyceral. The excess methanol was removed by heating the methyl estersfor 4-5 minutesat the temperature of 100°C.

Experimental-setup :

The experiment was performed on afour cylinder, four stroke, variable speed indirect injection (IDI) compression
ignition (Cl) engine. A schematic diagram of enginetest bed isshownin Fig. A and the detail ed engine specifications
arelisted in Table A.The engine was|oaded with SAJ make AG80 eddy current type of dynamometer.
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Fig. A: Schematic diagram of engine

The setup has astand-al one panel box consisting of air box, fuel tank, manometer, fuel measuring unit, transmitters
for air and fuel flow measurements. The air flow rate was measured with orifice meter and manometer, pressure
transmitter, Range (-) 250 mmWC and the fuel consumption rate was measured with glassfuel metering column, DP
transmitter, Range 0-500 mm WC. Type K-Chromel (Nickel-Chromium / Nickel-Alumel) were used to measure gas
temperature at engine exhaust, calorimeter exhaust, water inlet of calorimeter and water outlet of cal orimeter, ambient
temperature. The signalswereinterfaced with acomputer through data acquisition system (DA Q). Exhaust emissions
like CO, CO,, HC and NOx were measured with the AVL 4000 Di-gas analyzer. The detailed specifications of gas
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Property Diesel B10 B20 B30 B40 B100 ASTM Std

Density 15° C (Kg/m®) 820 8245 829 8335 838 865

Calorific value (MJkg) 42 41.57 41.14 40.71 40.2 375 -
Viscosity 40° C (c St) 355 3.907 4.264 4.621 4978 6.54 1.9-6
Flash point 56 69.7 834 97.1 110.8 193 93 max
Copper strip corrosion test - Passed Passed Passed Passed Passed

analyzer are shownintheTable 1.Thebasic properties of tested fuel s such as Kinematic viscosity, density and calorific
valuewere measured with Ostwald viscometer, automatic density meter and bomb cal orimeter, respectively.

In the present study, argemone/diesel blends (diesel, B10, B20, B30 and B40) were studied at different engine
speedsfrom (2500-4000) with aninterval of 500 rpm under the conditions of 25 per cent, 50 per cent and 75 per cent
load.

For the systematic conduct of the experiment, engine range was studied and has been showninFig. 1. Therange
of 2500-4000 rpm was selected for the study as the engine can take a variety of |oads between thisrange. For every
blend of argemone biodiesel/diesel the engine was operated for at |east 20 minutes to eliminate the previous sample
fromfuel line completely. The engine operation showed good stability at 75 per cent load condition rather than 100 per
cent load. Therefore, for safety reasons 75 per cent load condition was chosen. All the measuring instruments were
checked compl etely and dust particles, carbon deposits, etc. were removed from them. The cooling water circul ation
for eddy current dynamometer, engine cooling and calorimeter was ensured to prevent any kind of damage to the
system. To start with the experiment, engine was gradually throttled up to the desired rpm and the engine was
simultaneously loaded through dynamometer maintai ning the same engine speed. Whiletaking thereadings appropriate
time was given to stabilize all the temperatures and data was logged in the “Engine soft”. Each reading was taken three
timesfor all fuel samplesand then the average was taken out.

EXPERIMENTAL FINDINGSAND ANALYSIS

Theresults concerning the comparison of fuel properties, engine performance and emission characteristics are
presented and discussed here.

Fud properties:

From the physico-chemical analyses calorific value, viscosity and density of B100 were found as 37.7MJKg,
7.12cSt and 865kg/m?, respectively. The properties of other blends of biodiesel and their comparison with ASTM
biodiesel standards, conventional diesel fuel hasbeen showninthe Table 1. The physico-chemical properties show that
biodiesal blends have slightly lower heating value as compared to diesel. Thisis expected as biodiesel has higher
oxygen content which resultsin decreasein heating value. Theviscosity of biodiesel blendsishigher. Higher viscosity
resultsin poor atomization. The density of biodiesel is more than diesel which means that more energy content for
same volume. This property will tend to compensate the lower heating val ue to some extent.

Performancechar acteristics:

Inthis section, theimpact of diesel/argemone blends on the engine performance at noload, partial 1oad and high
load conditions have been studied. Brake specific fuel consumption and brake thermal efficiency were calculated
based on the engine speed, engineload and the fuel consumption rate which were averaged over 10 working cycles

Impact on brakethermal efficiency:

It can be easily observed fromthe Fig. 1 (a-c) that brakethermal efficiency (BTE) increaseswith increasein load.
It isacommon viewpoint that with increasein load the percentageincreasein brake power ismore as compared to fuel
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consumption (Xue, 2011). Inthe present work, maximum BTE wasfound at 75 per cent load @ 2500 rpmfor all fuel
blends as compared to other speeds and loads. Moreover, it has been observed that with the increasein rpm, BTE
decreased at lower load conditions, but at higher load conditions the effect on BTE with rpm enhancement is less
significant. Many researchers have reported decrease in BTE with increase in biodiesel blend ratio (H. An, 2012);
however in the present work BTE generally increases with the increase in biodiesel blend ratio up to B30 except at
lower loads and high r.p.m conditions as biodiesel contains 10-11 per cent more oxygen content as compared to diesel
that leadsto better combustion and isresponsiblefor theincreasein BTE but at lower |oads and high rpm conditions,
the fuel consumption and frictional power losses are more as compared to high load and high rpm condition. In
additiontothis, higher blends of biodiesel havelesscalorific value. Asaresult, at lower loadsand high rpm conditions
the BTE of higher blendsof biodiesel isless. It can aso be observed that the BTE values of B40 are consistently lower
than that of B30 for all loading conditions. The maximumincrease of 11.9 per centinb.t.e hasbeen observed at 75 per
cent load @2500 rpm for B30 as compared to diesel fuel. However adecrease of 8.40 per cent isnoted for B40 at 25
per cent load @4000 rpm B30 shows maximum values of BTE (33.57%) as compared to other biodiesel blends and
diesel (29.9%).

Brakespecificfuel consumption:

Fig. 2 (a-c) shows the variation of brake specific fuel consumption (BSFC) with respect to engine speed for
various|oads. The brake specific fuel consumption decreased with increaseinload for all tested fuels. Thisisalso due
to higher percentage increase in brake power as compared to fuel consumption at higher loads. Similar trends have
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Fig. 1: Variation of brakethermal efficiency with different load and enginespeed (r.p.m.)
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also been observed by Xueet al. (2011). In the present work minimum BSFC was observed at 75 per cent load @2500
rpomfor all tested fuelsas compared to other rpm and load conditions. Anet al. (2012) observed increasein BSFC with
the use of waste cooking oil blendsin direct injection engine and reason mentioned was thelower calorific value of the
biodiesel. However in the present research it was observed that with theincreasein biodiesel blend ratio up to B30,
BSFC decreases except at low loads and high rpm conditions. This is again because of higher oxygen content in
biodiesel blendsthat |eadsto better combustion of fuel andisresponsiblefor reductionin BSFC but at lower loadsand
high rpm conditions, friction power lossesincrease at arapid rate, resulting in slower increasein brake power thanin
fuel consumption. The lower heating value of biodiesel blends is another factor which resultsin increase in BSFC
(Buyukkaya, 2010). It can also be observed from Fig. 3 that higher values of BSFC are obtained for B40 as compared
to B30 for all conditions.

The maximum increase of 13.3 per cent in BSFC is observed at 25 per cent load @4000 rpm for B40 and
decreaseof 7.6 per centisreported at 75 per cent load @2500 rpm for B30 as compared to diesel fuel. B30 showsthe
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Fig. 2: Variation of brake specific fuel consumption with different load and engine speed (r.p.m.)
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lowest value of BSFC (0.26kg/KWh) as compared to other biodiesel blends and diesel (0.28 kg/kwh)

Impact on NOx emissions:

TheNO, emissions are very sensitive to engine combustion temperature which increases with increasing speed
and load. The NOx emissions al so depend upon excess oxygen and residence time. The maximum value of NO, was
observed as 680, 750, 770, 715 and 690 for diesel, B10, B20, B30 and B40 respectively (Fig. 3a-c). Somecorrelation
between NO,_emissions and exhaust gas temperature was observed. As can be seen from Fig. 3(a-c), adecreasein
exhaust gastemperature was observed for higher blends of biodiesel (above B30); similar such trendswerefollowed
by NO, for B40. Al-Shemmeri and Oberweis (2011) too found that NO, emissionsweredirectly proportional to engine
exhaust emissions. Moreover, it has been observed that NO, in higher blends of biodiesel waslessat lower |oads and
high rpm conditions because of lesstime availability for combustion and higher viscosity of biodiesel blendsthat |eads
to poor combustion which reduces the peak cylinder temperature and hence lowers the NOx. While on an average,
NOx was more for biodiesel blends as compared to diesel. Qi et al. (2009) observed decrease in NOx emissions for
biodiesel blends as compared to diesel. The reason cited was difference in engine geometry, compression ratio, less
reaction time and temperaturefor biodiesel. Some researchers (Grabowsks McCormickRL, 1998) who reported higher
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Fig. 3: Variation of NOxwith different load and engine speed (r.p.m.)
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NOx for biodiesel than diesel stated higher ignition delay of biodiesel asareason. The maximumincrease of 18.30 per
centisobserved for B30 at 75 per cent load @2500 rpm and maximum decrease of 20.8 per cent isfound for B40 at
25 per cent load @ 4000 rpm as compared to diesel fuel.

Impact on hydrocarbon emissions:

Unburnt hydrocarbon emission (HC) istheresult of incomplete combustionin the engine and it may a soincrease
because of excessively rich air-fuel mixture. Inthisstudy it can be observed fromthe Fig. 4 (a-c) that withincreasein
load, HC emissions decreased. For medium and high load conditions, HC emissionsfirst decreased and then increased
withincreasein rpm. HC emissions first decreased with rpm due to increase in cylinder temperature. HC emissions
then increased with increase in rpm aslesstimeis available for combustion at higher speeds. Further, it can also be
observed that with anincreasein biodiesel blend ratio, HC emission reduced up to B30 and after that increasein HC
emissions is found as higher blends have higher viscosity that cause poor atomization of fuel and thus resulted in
locally rich mixturesin chamber. The minimum value of HC wasfound as 4, 3, 3, 2 and 3 ppm for diesel, B10, B20,
B30 and B40, respectively at 75 per cent load @2500 rpm and maximum value was measured as 12 ppm at 75 per
cent load @4000 rpm for diesel fuel ascompared to other diesel/Argemone biodiesel blends.
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Fig. 4: Variation of HC with different load and engine speed (r.p.m.)
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Impact on CO emissions:

COisatoxic gasresulting fromincompl ete combustion. The amount of CO dependsgreatly ontheair-fuel ratio.
Asdiesd engineswork in thelean combustion zone, the amount of CO emissionsfound islessascompared to gasoline
engines. It can be easily observed from Fig. 5 (a-c) that the amount of CO ishigher at the higher rpm condition for all
loads because of less time available for combustion and rich mixture. Further, it can aso be observed that with the
increasein biodiesel blend up to B30 decreasein CO emission isnoticed. However, B40 shows higher CO emission as
compared to B30 because of its higher viscosity which resultsin poor atomization and thusincomplete combustion.

The maximum value of CO wasfound to be 0.08 per cent, 0.06 per cent, 0.05 per cent, 0.03 per cent and 0.04 per
cent Vol for diesel, B10, B20, B30and B40 at 75 per cent load @4000 r.p.m. Thefindings and trends were supported
by literature available data (Qi et al., 2009).

Impact on CO,emission:

COindi cates the combustion performance of aparticular fuel. Increasing CO, means better combustion of afuel.
While some researchers have reported increased CO, emissionsfor biodiesel blends and the reason cited isthe higher
density of biodiesel whichincreased the overall fuel massunder complete combustion (Ng, 2011), there areresearchers
who observed decrease in CO, emissions for biodiesel blends (An et al., 2012). They concluded that this occurred
because biodiese! is alow carbon fuel due to the presence of oxygen atoms. Fig. 6 (a-c) showsthat CO, emission
increased with increase in load as with an increase in load the air-fuel mixture becomes rich and overall fuel mass
consumed ismore. It has al so been observed that withincreasein biodiesel, CO, emission increases up to B30; after
that decreaseis observed as compared to B30.Thisincreasein CO, could be due to more O, content in biodiesel that
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Fig. 5: Variation of CO with different load and engine speed (r.p.m.)
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leads to more conversion of CO to CO,, but thisincrease in O, content also lowers the carbon to hydrogen ratio for
higher blends of biodiesel which resulted in decreased CO, emissionsfor B40. Another probablereason for decrease
in CO, emissionsfor B40istheincreasein CO emissionsfor B40. Thusinstead of CO,, more CO isgenerated because
of higher viscosity. The maximum CO, was measured as 11.7 per cent, 10.9 per cent, 11.2 per cent, 11.6 per cent, and
10.8 per cent for diesel, B10, B20, B30 and B40 at 75 per cent load @4000 rpm. However, maximum increase of
11.2 per centin CO, emissionwas observed for B30 at 75 per cent load @2500rpm and maximum decrease of 13 per
cent was noticed at 25 per cent load @ 4000 rpm for B40 as compared to diesel fuel.

Conclusion :

Inthisstudy afour cylinder indirect injection (ID1) compression ignition (Cl) variable speed diesel enginewith
rated power of 52KW@4000 rpm and compression ratio of 18.5:1 has been tested with AOME/diesel blends. Tested
fuels(diesd, B10, B20, B30 and B40), showssmall but significant variationsin performance and emission characteritics
of engine.

Thebiodiesel blends showsimproved brake thermal efficiency and brake specific fuel consumption dueto higher
oxygen content inAOME/diesel blends. However, thisimprovement is seen up to 30 per cent blending of AOME only
and after that deterioration is seen asinspite of higher oxygen, higher blends of biodiesel havelesscalorific value, high
density and viscosity. The maximum brake thermal efficiency wasnoticed for B30 as (33.75%) whichis11.9 per cent
higher than that of mineral diesel fuel. Emission characteristics of engine such as CO and HC also improved with the
use of AOME blends. Thisimprovement isalso perceived up to 30 per cent blending of biodiesel. Higher blends of
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Fig. 6: Variation of CO, with different load and engine speed (rpm)
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biodiesel B40 shows slight increase in these two emission parameters. However an opposite trend was observed for
CO,and NO,, which shows better combustion up to 30 per cent blending and poor combustion for higher blends.It has
been also observed that engineload has significant effect on the perf ormance and emission characteristics. At higher
loads, engine shows maximum brakethermal efficiency and minimum brake specific fuel consumption and maximum
averageincrease of (59 %) in BTE has been found while moving from low load (25%) to full load (75 %) conditions.
Moreover, engine speed affect BTE and BSFC at lower loads conditions only and no significant effect of engine speed
isseen at higher loads. Further, it can also be concluded that engine does not require any modificationsinitsconfiguration
for utilization of 30 per cent AOME in engine but considerable improvements were observed in engine performance
and emission characteristicswith itsuse.
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