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Abstract: Problem statement: Diesel engine emits more pollutants to atmosphexresing air
pollution. This necessitates the search of a rehnaternate fuel which is environment friendhher
objective of this research was to investigate tidrenmental aspects of pongamia bio-fuel in alging
cylinder diesel engine with the influence of fuejeiction pressureApproach: Bio-fuel was prepared
from non-edible Pongamia pinnata oil by transefitation and used as a fuel in C.I engine. Theogffe
of fuel injection pressure on the engine emissibaracteristics of a single cylinder direct injentio
diesel engine has been experimentally investigaséty pongamia pinnata methyl ester and its blends
with diesel fuel from 0-30% with an increment of 586 full load. The tests were conducted at five
different injection pressures (190, 200, 210, 226 230 KN m?) by means of adjusting injector
spring tensionResults: Compared to diesel, blend B5 exhibits lower enging@issions of unburnt
hydrocarbon, carbon monoxide, oxides of nitrogesh @rbon di oxide at full load. The High injection
pressure of 220 KN i shows lesser emissions of unburnt hydrocarboncaridon monoxide while
oxides of nitrogen and carbon dioxide are foundéoslightly higher than diesel and blends at full
load. Conclusion: From the test results, it was found that a highdition pressure of 220 KN T
causes better atomization with improved engine siotischaracteristics for diesel and blends at full
load. Moreover blend B5 showed best results atkI20n injection pressure.
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INTRODUCTION triglycerides with alcohols to form mono-alkyl estef
long chain fatty acids named as biodiesel which is
Fuels are inevitable for industrial developmerd an similar to diesel fuel. The performance paramesees
growth of any country. The life span of fossil fuel found to be similar to diesel with a significantivetion
resources has been terrifying. Biodiesel, a ren@vabin emission levels are observed at all loading d@s
source of energy seems to be an ideal solution fofDemirbas, 2008; Srivastava and Prasad, 2000
global energy demands including India as well (8fzar fatty acid methyl ester content was determined by a
and Singh, 2009). In recent years, Biodiesel hasfipe  standard titrimetry method (Mehetral., 2006).
more attractive as an alternative fuel for diesgjiees Bio diesel prepared from vegetable oil after
because of its environmental benefits and thetfedtit  transesterification reaction shows a similar penince
is made from renewable resources (Singh and Singtio diesel at all loading conditions and can be used
2010). alternate fuel to diesel without any modificatioims
A number of studies have shown that triglyceridesengine design (Bozbas, 2008) and the direct use of
produced from vegetable oil hold promise as altdrea vegetable oils for both direct and indirect injeotitype
fuels for diesel engines. However, the high visgpsi diesel engines is unsatisfactory due to their high
low volatility and poor cold flow properties of viscosities and low volatilities (Rakopoulogt al.,
triglycerides, which result in severe engine dejgosi 2006). Ethyl ester produced from waste vegetalbleyoi
injector choking and piston ring sticking have transesterification process with ethanol can bel asea
prevented triglycerides from being used directly insubstitute fuel for diesel engine. Engine perforosan
diesel engine. Various blends of pongamia biodiesednd exhaust emission for 100% ester showed better
with diesel have been tried, but B-20 has beenddon performance to diesel. Since vegetable oils hatenee
be the most appropriate blend (Murugesbal., 2009). numbers close to those of diesel fuel, they candes
A suitable way to improve the fuel properties of in existing compression ignition engines with dttbr
triglycerides is the catalytic transesterificatioof = no modifications (Al-Widyaret al., 2002).
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In the performance and emission test carried mout i output shaft of eddy current dynamometer is fixect
a naturally aspirated single cylinder diesel enginestrain gauge type load cell for measuring applatl|
fuelled with waste vegetable cooking oil it has bee to the engine. Engine cooling water inlet tempemtu
found that maximum power and torque was obtainedooling water outlet temperature and Engine exhaust
for blend B20 with lower concentration of HC and COtemperature were measured using K type
than diesel. Oxygen content in the fuel is mairsoea thermocouples. The air flow rate to the engine is
for better combustion and HC emissions (Naghfal., measured by using the mass air flow sensor anfiiéhe
2007). The behavior of soybean oil in diesel engmas  consumption was measured by using two optical slot
evaluated using performance and emission testedarr sensors placed at either levels of burette. A piezo
out in single cylinder diesel engine and it wasestbed  electric pressure transducer is mounted on engsa€ h
that soybean methyl ester and its blends showt measure combustion pressure. Engine crank angle
significant reduction of carbon monoxide and smokewas measured by using crank angle encoder mounted
emissions than diesel while the performance paenmet on the camshaft. Engine speed is measured using RPM
analyzed are not satisfactory. So the usage ofesoyb sensor. The schematic diagram of experimental setup
methyl ester was suitable for partial substitutigith shown in Fig. 1. The exhaust emissions (CO, unltrne
diesel at all loads without any engine modificat{@i HC, NQ, and CQ) were measured using Multi gas
et al., 2010). The behavior of karanja methyl esteranalyzer (NETEL). The analyzer specifications are
(Pongamia pinnata methyl ester) in a single cylindedetailed in Table 2.
diesel engine at an Injection Pressure of 200 KN m
was analyzed us|ng the performance and em|ss|nﬁab|e 1: Technical specifications of the test eegin

parameters. Lower emissions are obtained for blenfngine make Kirlosker
B20 with improved performance than diesel. It was&Y/inder number !
L . Cylinder bore 80 mm
found that biodiesel can be used as an alternative ggoye 110 mm
diesel in a C.I. engine without any engine modifmas  Rated power 5 BHP
(Nagarhalliet al., 2010). Compression ratio 171
Experiments have been conducted on a 4 cyIindeﬁﬂg;qﬁjiﬁ’izﬂ'ar;g;ﬂf:d 21158%'32;“
2 stroke d|rec_t injection diesel engine to analyize Original injection timing 23° CA BTDC
effect of fuel injection pressure over the Perfomo®&  Type of Loading Eddy Current Dynamometer
evaluation of diesel. Performance parameters ar&ype of Cooling Water

evaluated for different injection pressures frond-P20
KN m™. According to the results, the best performancelable 2: Analyzer specifications

of the pressure injection has been obtained atkago Parameter Range Resolution
m?, specific fuel consumption has been obtained @t 1838 8_’?'5%%03’ r‘)’g:q'q i’?}ﬁ
KN m™ for variation loads-fixed speed (Bakerr al., CcOo, 0-20 % vol. 0.10%
2008). Experiments have been conducted to study the 0-25% 0.01%
effect of injection pressure on the combustion pssc NO 0-5000 ppm 1ppm

and exhaust emissions of a direct injection diesgine
fuelled with Orange Skin Powder Diesel Solution | To
(OSPDS). The different injection pressures studiede ) ‘[

215, 235 and 255 KN th Test Results have shown that S -~

]

- . . i Lo ==
the combustion, performance and emission charsiitsri : I b, ® ap b ‘ —
of the engine operating on the test fuels at 235K 2] . L R . — ‘
.. . - . ( \ . e =1, L le° =@k
injection pressure were better than other injection ‘ ’ 3 b F I ] ® | [
pressures due to good atomization and improved ———— 2 ol 1
COmbuSt'on (PUI‘UShOthaman a.nd Na.garaja.n, 2009) 1. Multi gas analyzer 11. Optical slot sensor (Bottom)

2. Air measurement tank 12. Optical slot sensor (Top)
3. Mass air flow sensor 13. Diesel tank
. Crank angl der . Bio-diesel tank

MATERIALSAND METHODS S Pressure sensor 1S Three way cock
6. Fuelline 16. Main switch

. . 7. Speed sensor 17. Computer data acquisition system
The experiments were carried out on a four-stroke, 8. Flywheel 18. Control panel board
. . . . .. . 9. Coupling 19. Battery
naturally aspirated, single cylinder direct injectiC.1. 10 Eddy current dynamometer

engine. Details of the engine specifications amwsh
in Table 1. The engine was coupled to an eddy nurre Fig. 1: Schematic diagram of experimental set up fo
dynamometer to control engine speed and load. The engine test rig
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Table 3: Properties of tested fuels

Density Calorific Viscosity Flash Fire Cloud o
Fuel blend (Kg riT) value (KJ/Kg) cStat 30°C point °C point °C poidt point °C
Diesel 836 43,415 2.87 46 52 4.0 2.0
B5 839 43,192 4.12 55 61 4.6 2.3
B10 842 42,969 5.34 62 73 4.8 25
B15 845 42,740 6.56 70 85 5.0 2.8
B20 848 42,511 7.78 78 98 5.3 3.1
B25 851 42,300 8.96 87 110 5.6 35
B30 854 42,077 9.80 98 124 5.8 3.8

Viscosity is the major problem for the bio-diesel The values given in this study are the averagdese
which imposes lot of problems for engine. In three results.
comparison to diesel (2.87 cSt) the viscosity dd-bi

diesel (38 cSt) is much higher, in raw oil it isufa to RESULTSAND DISCUSSION

be 58.54 cSt which is reduced to the 38 cSt by

transesterification process by virtue of removalfais Tests were carried out at five different injection
in the form of glycerol, viscosity of the esters t@ pressures (190, 200, 210, 220 and 230 KN)mat
40% blends can be used in unmodified engine. constant speed of 1500 rpm in standard injectimmt

The methyl ester was blended with diesel inof 23° CA BTDC for diesel and blends B5, B10, B15,
various proportions from 0-30% by volume (B5, B10,B20, B25 and B30 at full load condition. Engine
B15, B20, B25 and B30) with the help of a magneticemission characteristics of all the fuels tested ar
stirrer. The blends were stirred continuously thieee  evaluated and presented at full load condition.
stable property values. The properties of variauedsf
tested are analyzed in Table 3. The relative demdit Emission analysis:
bio-diesel-diesel blends was measured by means @xides of nitrogen (NO,): The formation of NQ is
hydrometer. A redwood viscometer with measuring cupstrongly dependent upon in-cylinder gas temperature
and a thermometer was used to measure the visagdsity and the availability of oxygen during combustion
all samples. The dynamic viscosity measurementg Welreaction. It is clear from Fig. 2 that by increagithe
carried out as cSt at 30°C temperature. Flash o injection pressure NQemission shows an increasing
cup apparatus was used to measure the flash pfints yreng up to 220 KN M. Increase of injection pressure
the bio-diesel-diesel blends. The heating valuethef tangs to increase of N@mission due to the higher heat
bio-diesel-diesel were measured in bomb calorimetefgiease rate in the premixed combustion phase with
according to ASTM D2015 standard method. The cloutyiesel. At very high injection pressure of 230 KN2m
and pour point of fuel samples are measured inu Po NO, emission decreases slightly for diesel and blends
and CI(_)Ud point apparatus where the test Sa[“pms Ayvhich is because of lower peak cylinder pressuisesar
place(_j in a controlled environment to below 30°C. ... due to lesser heat release rate during combustauis [to

theseI gnd blegds were testehd at flullrlload andm lesser spray penetration inside the combustion beam
g'fatrt: d rg:wed asf?:reit. a[t)t:%nsg s?ggle t(r:lgn, d}tigneri]r%?g w The increase of blend concentration in dieselgend

’ to increase the NQevels during combustion due to the

parameters related to thermal performance of tiggnen A . :
such as the time taken for 20 tof fuel consumption presence of oxygen content in biodiesel which eoan
' combustion process. The minimum value of ,N@as

applied load, the ammeter and voltmeter readinge we ) .
measured and recorded. Also, the engine emissioppserved for diesel and blends BS, B10 at full laad

parameters like CO, GOHC, NQ, and the exhaust gas lower injection pressure of 190 KN fras shown in the
temperature from the online exhaust gas analyzee we Fig- 5. Compared to standard injection pressure, NO
noted and recorded. The original injection timifighe ~ €Mission rate at 220 KN Thwas increased about an
engine is 23° CA BTDC and by varying the fuel @verage percentage of 2.82% for the fuels tested. A
injector spring tension; measurements are takefiier ~very high injection pressure of 230 KN~ NO,
different injection pressures (190, 200, 210, 228)  emission for diesel and blends B5, B10, B15, B225,B
KN m™) at full load condition. All test runs were B30 showed a significant reduction of 6.52, 1.17.64,
conducted on the test-bench. In each run, engieedsp 3.46, 2.88, 3.33 and 1.45% respectively on comparin
and load were recorded. For each injection prestiuge  to standard injection pressure. B5 exhibits lowe, N
combination of all tests included engine settindudit  emission than diesel at higher injection pressures
load in rated speed. Each test was repeated times.t compared to all fuels tested at full load.
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that CO emission decreases with the increase of
injection pressure for all fuels up to 220 KN?while

CO emission increases at high injection pressu236f

KN m™ due to poor atomization resulting in incomplete
combustion. Increase of injection pressure ensures
better mixing of fuel with air improves combustion
process reducing CO emission. The emission rate is
found to be higher in low injection pressure of 10

m 2 due to incomplete combustion and lower emission
values are obtained for an injection pressure 6f RR

m? for all fuels. Compared to standard injection
pressure, significant reduction of CO emission was
observed in percentage of 11.11, 14.29, 1.43, 11.11
11.11, 12.5 and 11.11% for diesel and blends B®, B1
B15, B20, B25, B30 respectively at an injectior2@d

KN m2 Lowest value of CO emission was obtained for
blend B5 at 220 KN i injection pressure than diesel
at full load.

Carbon dioxide (COy): For the various fuels tested,
CO, emission increases with the increase of injection
pressure and increasing the concentration of methyl
ester in diesel. This is because increase of ioject
pressure tends to finer fuel spray mixes fuel amd a
thoroughly makes the combustion process complete.
The variation of C@ emission for different injection
pressure for diesel and blends at full load are
represented in the Fig. 4. It was found that by
increasing the injection pressure from 190-220 KN m
increases C@emission gradually for all the fuels tested
while at 230 KN i injection pressure, COemission
slightly decreases. This is because at very higitiion
pressure of 230 KN i, fuel droplets size are very fine
they do not find air to form a homogeneous mixture
leading to incomplete combustion. €@mission rate
was found to be higher for diesel and blends at an
injection pressure of 220 KN thand lower values are
obtained for the fuels at 190 KN frpressure. At low
injection pressure, fuel droplet diameter gets rgeld
resulting in longer ignition delay leading to incplete
combustion. Compared to standard injection pressire
210 KN m? a significant reduction in COemission
was observed at lowest injection pressure of 190 KN
m 2 in percentage of 8.51, 8, 9.62, 5.77, 9.43, 1196 a
3.85% for diesel and blends B5, B10, B15, B20, B25,
B30 respectively. Blend B5 exhibits slightly highe®,
emission than other fuel tested at all injectiogsgures.

Hydrocarbon (HC): It was observed from Fig. 5 that
the unburnt hydrocarbon emission tends to decrease
with the increase of injection pressure and in@sas

pressure variation over CO emission for diesel andvhile increasing the concentration of methyl ester

blends at full load is shown in Fig. 3. Test resglow
380
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the usage of oxygenated methyl ester as fuel. HC Technol.,

emission was found to be higher for almost allftreds

76: 91-103.
3820(02)00009-7

DOI: 10.1016/S0378-

tested except blends B5, B10 and B15. Increasiag thBakar, R.A., Semin and A.R. Ismail, 2008. Fuel

blend concentration in diesel increases HC emission
since the high viscosity of methyl ester may causer

atomization resulting in incomplete combustion. A
significant reduction in HC emission was obtainéd a

J.  Applied

injection pressure effect on performance of direct
injection diesel engines based on experiment. Am.
Sci., 5: 197-202. DOI:
10.3844/ajassp.2008.197.202

high injection pressure of 220 KN fnfor diesel and Bozbas, K., 2008. Biodiesel as an alternative motor

blends in percentage of 12, 11.11, 10.53, 10, B.7,
and 7.41% respectively at full load. Compared to
standard injection pressure, it was noticed thangl

fuel: Production and policies in the European
Union. Renew. Sustain. Energy Rev., 12: 542-552.
DOI: 10.1016/J.RSER.2005.06.001

B5 emits lower unburnt hydrocarbon than all thelue Demirbas, A., 2008. Biodiesel: A Realistic Fuel

at 220 KN m? injection pressure.
CONCLUSION

In this study, the effect of fuel injection presson
the engine emission of a direct injection diesajiea
has been experimentally investigated using pongamia
methyl ester blends with diesel fuel. Injection gmere
was varied from 190-230 KN Thin steps of 10 KN it
at standard injection timing of 23° CA BTDC and the
following observations were made:

«  High fuel injection pressure of 220 KN frshowed
improved emission characteristics of pongamia
methyl ester with diesel at full load

« Blend B5 at 220 KN nf injection pressure shows
lower emissions than diesel and blends at full load

 B5 exhibits slightly lower NQ emission than
diesel at higher injection pressures comparedIto al
fuels tested at full load

* Lowest value of CO emission of 0.06% was
obtained for blend B5 at high injection pressure of
220 KN m? and Increase of CQOemission was
observed for diesel and blends at this pressure

* Unburnt Hydrocarbon emission was found to be
higher for almost all the fuels tested except B8 an
B10 at all injection pressures
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