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Abstract — This paper presents an investigation on the etiéabulti-variant biofuel towards engine
performance parameter and emission characteristiging mix of diesel dual fuel (DDF) engine of
different blend biodiesel (B5-DDF and B10-DDF)pafim oil and coconut oil in comparison to pure
diesel, diesel-biodiesel (B5 and B10). This expeninwas conducted with variable speed between
1400-2700 rpm at an interval of 400rpm. The codldadata for engine performance showed that B5-
DDF coconut oil produced the highest torque, bet Ibihake specific fuel consumption was reduced as
compared to diesel with 36% and 28.02%, respegti¥elcase of engine emission, lower emission of
CO, was recorded by B5-DDF coconut oil. B10 palm ailitted low emission of CO compared to
other fuels. Significant reduction of N@oncentration was recorded for B5-DDF palm oil qared

to other fuel. It can be concluded that, dieselieagvith some modifications can be used as engine
DDF, which has beneficial effects both in termgmission reduction and performance as alternative
fuel. Copyright © 2015 Penerbit Akademia Baru - All righteserved.
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1.0 INTRODUCTION

Recently, a demand for energy has increased rapgllgonsequence of rapid development
and growth of world population [1, 2]. In 1980 t61®, the global primary fuel consumption
has grown from 6630 to 12,002.4 million tons of @gjuivalent (mtoe). International Energy
Agency predicts that by 2030, the global energysoamption will increase up to 53%, in
which 87% of energy consumption is mainly from fbfigels, comprising 33.75% of crude
oil, coal 29.62% and natural gas 23.81%.1 In y€f02 transportation sector is the largest
consumer of energy demand with roughly 41% outotdltenergy demand at 29.70 (mtoe)

3].

Currently, diesel engine is the most widely usedt d&ms low fuel consumption and better
efficiency [4]. However, fossil fuels cause majoiveonmental pollutant emissions such as
particulate matter, carbon monoxide (CO), nitrogerde (NQ) and carbon dioxide (Cp

which affect human health. Besides, fossil fuet® alonfront energy crisis due to depletion
of resources [5]. Hence it is crucial to developeraative fuels and also to cope with
pollutant emissions [1]. Biofuel is an alternatifeeel promising to replace fossil fuel in the
transition phase towards cleaner transportatiomggnsources. Biodiesel is one of the most
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available biofuels, and nowadays Malaysia focusesenon the use of biodiesel, as the
country is rich with oil palm trees, and is the @®t largest producer of palm oil after
Indonesia [6]. Biodiesel is defined by American @ocfor Testing and Materials (ASTM) as
fuel of monoalkyl esters of long-chain fatty acakrived from vegetables oils or animal fats,
designated B100 [7]. Biodiesel is produced thropgbcess of transesterification, by which
the triglycerides are reacted with alcohols, in phesence of catalyst, to produce fatty acid
alkyl ester [7]. Biodiesel is promising as altdiva fuel due to several advantages such as
able to reduce environmental impact, reduce advienpact on human health and easy to
produce from readily available sources and saf@adle [1,5]. Unfortunately, biodiesel
production faces several issues such as limited, lood versus fuel war and deforestation

[8].

In order to be more environmental friendly, compess natural gas (CNG) has been
proposed as fuel in diesel engine. CNG is natuaal gnade up primarily of methane and
principally consists 90% in natural gas. CNG hasesubstantial benefits such as when
burnt, it produces virtually insignificant S@nd relatively little NQ@, the main constituents
of acid rain and substantially less £(9]. Besides, the main component in natural gas,
methane, reduces the risk of explosion when leakageirs [10]. In addition, it enables
engine to operate smoothly, has lower fuel costiamdn-toxic.

Dual fuel engine, which utilizes both diesel andeagaus fuels, basically mixes gaseous fuel
with air by direct mixing in the intake manifold ¢rough injection directly in the engine
cylinder. The injection of small amounts of diekedls into the mixture is as ignition source
for subsequent flame propagation [9]. Dual fuelieegises both types of combustion which
are compression-ignition (Cl) and spark-ignitior) (®]. According to Sahoo et al [9]. CI
engines (diesel engines) compress air at pressdréesnperature at which the injected liquid
fuel fires easily and burns progressively afteritign, whereas, S| engines (Otto engines)
operate by compressing the mixture of air and \apdrfuel (high octane index) in the
carburetor (equipment in a car engine that mixeésopand air) under its ignition point and
then fired. Dual engine is named diesel dual fungliee (DDF) if diesel is used as the pilot
fuel [11].

The advantage of DDF engine is that it can oparsiteg gaseous fuel either with diesel pilot
or on diesel fuel alone. This operation makes dual-engines particularly attractive in
vehicles application, especially when travel distars a concern because of the lack of CNG
refuelling facilities [12]. Secondly, diesel enginan be converted to dual fuel engine even
without removing the original cylinder head. Theneersion is also not as complicated as
opposed to converting a diesel engine into spartked CNG operation, thus reducing the
capital cost and time for conversion [12]. Besidisl-fuel engine is an effective technique
as it can use CNG efficiently and reduce exhausssan from diesel engines effectively
[12].

Lots of research works on fuel natural gas-diesdl lsiodiesel-diesel have been carried out
so far. However, the data on diesel-biodiesel-@htyas in engine performance and
emissions are still limited. Hence, DDF engine eysperformance and emission fuelled by
diesel-biodiesel-natural gas have become an inagasterest. The main purpose of the
present study is to investigate the effect of naatiiant biofuel towards engine performance
and emission of DDF engine system.
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1.1 Engine Performance

The performance of the engine can be determinexligir two parameters, which are torque
and brake specific fuel consumption (BSFC). Torgae be defined as force acting at a
distance, and it is an indicator of an engine gbitb do work. Meanwhile, BSFC is a ratio
between mass fuel consumption and brake effectoweep and for a given fuel. BSFC is a
very important criterion in term of economy.

1.2Torque

Buyukkaya [13] showed that at higher speeds, thguo delivered by B5 fuel was higher,
approximately 2 Nm on average than torque delivérgdliesel fuel. The torque for other
fuels such as B20, B70 and B100 were found decrgasignifying that higher viscosity of
biodiesel will lower the engine torque. Cetinkayaak [14] tested four stroke diesel engine
using biodiesel fuel originated from used cookinlg ©he torque obtained was 3-5% less
than normal diesel fuel and lower specific heatiafyie of biodiesel were the reasons for this
difference. Lim et al. [3] tested dual fuel engifiuelled with diesel and natural gas. They
reported that when percentage of CNG increaseduéoand break power also increased.
They also concluded that dual-fuel system can fgatisrformance characteristic with 5%
variation as compared to diesel engine.

In addition, torque and power of dual-fuel wererfdwslightly higher than those of diesel.
Damas [15] tested diesel dual fuel engine operatiogliability and its environmental
impacts using biodiesel fuelling. He reported tB&tDDF gave better results as it achieved
highest value of torque and decreased to 16% diekigengine speed. Syazwan [16]
conducted a research on emission and performanabrext fuel injection diesel engine
fuelled with blend corn oil methyl ester with DD®ith variation of B5-DDF, B10-DDF,
B15-DDF and B20-DDF). The result showed that, eegorque became higher at low speed
compared with diesel-CNG, B20 and pure diesel. dtigation by Aizuddin [17] on direct
fuel injection diesel engine fuelled with blend mpabil methyl ester with DDF (B5-DDF,
B10-DDF, B15-DDF and B20-DDF) found that B20-DDFdhhigher engine torque than
diesel-CNG, B20 and pure diesel at low speed, haddrque reduced at the top of engine
speed. This was due to presence of CNG, wherer lmettebustion was achieved but causing
high torque. The reduction in engine torque at tighed is very important to sure that the
engine can carry heavy load and there is no extiegefinside the cylinder that can cause
engine burst at high speed.

1.3Brake specific fuel consumption (BSFC)

Buyukkaya [13] tested four-stroke, turbochargecedirinjection diesel engine with neat
rapeseed oil, with blends variation of 5%, 20% @Qéb, and standard diesel fuel separately.
BSFCs of B5, B20, B70 and B100 fuels were obserieede higher. This might be
contributed to lower heating value of the B100. INuNabi et al. [4] found BSFC values for
biodiesel mixtures tended to be higher than thdseeat diesel fuel when tested in 4-stroke,
Direct Injection (DI) diesel engine with neat dikeard cottonseed seed oil methyl ester (B10,
B20, B30, B40 and B50). The increasing values wenmesult of lower heating value of
biodiesel mixtures. Papagiannakis and Hountalak dls® tested four stroke diesel engines,
where they found that the total brake specific femhsumption for dual fuel operation was
considerably higher at low load compared to nordiasel operation. Poor utilization of the
gaseous fuel was mainly due to lower temperaturagéthakers and Leemakers [19] tested
conventional diesel in dual-fuel mode operationhwatlditional gaseous fuels to the liquid
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diesel. The BSFC seemed to increase with natusakgatent due to poor utilization of the

gaseous fuel. Majid et al. [10] tested four-str@deengine, which was converted into a dual
fuel engine with CNG-Diesel fuel, where they fouhdt the specific diesel fuel consumption

in dual fuel engine was lesser than a dedicatesetengine because of substitution of CNG.
During the dual mode, diesel was used for pilatetipn, and thereafter CNG and diesel were
combusted in the chamber simultaneously.

1.4Engine Emission

Engine emission can be determined through threanpeters which are carbon dioxide
(COy), carbon monoxide (CO) and nitrogen oxide gNOCO is produced when there is
incomplete combustion. CO represents the lost otenainergy that is not fully utilized in
the engine. Meanwhile, COis produced when complete combustion occurs., GO
important to measure because it contributes toggmpublic health problems and plays major
role in ozone formation. Lastly, nitrogen oxidepi®duced from the reaction of nitrogen and
oxygen gases in the air during combustion, esgg@ahigh temperature.

1.2Carbon Monoxide (CO) Emission

Da Silva et al. [20] reported that the additiorsohflower methyl ester in higher contents can
contribute towards a decrease in CO concentrationthé exhaust gases. This may be
attributed to the higher oxygen content in the #Jewhich may promote a more efficient
combustion. Nurun Nabi et al. [4] found that B3® caduce CO emission by 24% compared
to neat biodiesel. B30 helps releasing some exty@gen contained in biodiesel molecule,
and leads to complete combustion of the fuel amplges the necessary oxygen to convert
CO to CQ. Papagiannakis and Hountalas [18] observed thd¢rudual fuel operation, CO
emission was significantly higher. At low load emgispeed, carbon monoxide concentration
under dual fuel decreased with the increase of nendoad, as consequence of the
improvement of gaseous fuel utilization. Hakim [&1Qidied on emissivity impact reduction
via diesel dual fuel (DDF) sustainable engine. blenfl that the diesel alone emitted higher
CO compared to dual-fuel operation. Simon Damas ¢bBcluded that pure diesel and B20
emitted CO almost zero but still increased withréasing engine speed and B20-DDF
emitted higher CO compared to other fuels. Syazj&éh found that CO emission was the
lowest by fuel without CNG. Papagiannakis and Halast [18] tested four stroke engine
fuelled with natural gas and diesel, and found tdaabon monoxide concentration under dual
fuel decreased with the increase of engine loadghwivas consequence of the improvement
of gaseous fuel utilization.

1.2Carbon Dioxide (CQ) Emission

Simon Damas [15] reported that B20-DDF emitted a&rg8Q at initial speed and when the
speed was increased, DDF fuel emitted higher.A@aquat et al. [22] found that GO
emission for biodiesel blends increased comparetieel fuel. Oxygen content in biodiesel
was found reacting with unburned carbon atoms dutite combustion and increased the
formation of CQ. More amount of C®in exhaust emission indicates completeness of the
combustion of fuel. Ramadhas et al. [23] compahed@Q emissions engine fuelled with
methyl esters of rubber seed oil in the diesel mmgwhere they found CGOemission
increased with increase in load. The amount o €itted was very low in comparison with
diesel when the percentage of biodiesel blend waerl Syazwan [16] observed that there
was increase in emission of e€r all types of fuel, including diesel, diesel-GNB20 and
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B20-DDF. The presence of CNG in diesel cylinderdoiced the highest emission of £for
diesel-DDF.

1.2Nitrogen Oxide (NQ&) Emission

Nurun Nabi et al. [4] observed that N@evel was higher for biodiesel mixtures than
conventional diesel fuel at the same engine torgjbis might be contributed to the presence
of extra oxygen in the molecules of biodiesel nr&tu Silva et al. [20] concluded that
addition of higher sunflower methyl ester (SME) s contributed to an increase of the
NOx concentration in the exhaust gas. Liaquat et2#] feported that NOemission for
blends was found higher than diesel fuel. The fdionaof NO: emission was found strongly
dependent upon the equivalence ratio, oxygen cératemm and burned gas temperature.
Aizuddin [17] found that fuel which contained biedel emitted the lowest NOLower
calorific value and longer ignition delay are resgible for lower emission of NOHakim
[21] concluded that the concentration of Nf@leased under normal diesel operation was
much higher than the dual-fuel operation. Simon Bsufiound that B20 emitted the least,NO
compared to B20-DDF, DDF and diesel fuel. Syazwig] foncluded that B20 emitted the
lowest emission compared to other fuels, due teetovalorific value of biodiesel and longer
time delay.

2.0 METHODOLOGY
2.1Experimental Facilities

In this study, the engine parameters for perforrmamere measured using dynamometer for
torque and BSFC. Meanwhile, the exhaust emissivel lor CO, CQ, NOx and HC was
measured simultaneously using gas analyser. Thafispéon of the engine is shown in
Table 1.

Table 1 Engine specification

Model Hino HO7C 6-cylinder 6728 cc
Type Water cooled, 4-cycle, direct fuel injection
No. of cylinder X Bore x Stroke 6 x 110 mm x 118 mm
Compression ratio 175:1
Maximum Torque 657 N-m/1600 rpm
Rated output 132.7 kW

2.2Tested Fuel

Relevant properties of the test fuels used inghigly are listed in Table 2. Before testing the
CNG-diesel-biodiesel DDF system, test of diesel fu&s preceded to acquire the basic data
of engine performance and exhaust gases fuelldddigsel only. All these parameters were
recorded accordingly and the experiment was coeduftr at least three times, where the
averaged data were taken for further analysis.
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2.3Experimental Methods

During test for diesel fuel, the diesel engine was for 20 to 30 minutes until reaching its
steady state condition. The diesel engine wasgperate at speeds of 1400 rpm, 1800 rpm,
2200 rpm and 2600 rpm by controlling the gas theottlext, after all parameters had been
tested and measured, the engine was switched dffitawas left to cool to the ambient
temperature. The entire steps were repeated agtindual fuel mode which utilized diesel
and natural gas. After that, the test was continuigdl various types of palm oil which were
B5, B10 and biodiesel blended with natural gas (& and B10-DDF). This experiment
was repeated for blended biodiesel and blendedigsedCNG for coconut oil. Figure 1
shows the entire step for the experiment.

2.4Engine Modification

Some modifications were made to the engine in ai@eeduce error during the experiment.
Some of the modifications included installationtansparent fuel tubes, bubble remover
system and fuel piping.To convert the engine fuef diesel to biodiesel, transparent fuel
tube was used to indicate if the diesel had betfhiyaeplaced by biodiesel when the colours
of fuels in the inlet and returns tubes were thaesarhis modification was to ensure that the
experiment could be conducted with low percentager&he presence of air bubbles in

diesel engine could harm the fuel pump. Thereflurg, piping had been installed to separate
diesel and biodiesel. The separation occurred vidnediesel valve could be shut-off during

diesel testing and vice versa. As consequencestédillation fuel piping, the fuel would not

mix with each other, therefore could reduce the@atage of error [17].

Table 2: Fuel properties

. . PALM OIL COCONUT
Properties Diesel NG (B100) OIL (B100)
Density @ 15 °C (kg/M) 848.6 0.74 883.5 876.5
Cetane No. 50.6 130 46.8254 41.3379
Kinematic viscosity @ 40
°C (mnt/s) 4.236 - 5.999 3.411
Pour point (°C) -3 - 9 -3

Cloud point ((°C) 4 - 18 3
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Figure 1: Flow chart of the entire step of experiment

3.0 RESULTS AND DISCUSSION

3.1Engine Torque

Figure 2 shows the variation of engine torque ffedent biodiesel. The engine torque was
found increased with the increase of engine speétiiureached a maximum value and then
decreased with further increase of engine speedliftypes of biodiesel blends. This result is
almost similar with the result reported by Semirmakt[24]. The increase of engine torque
showed that more load could be supported and dabyethe engine.B5-DDF coconut oil

produced the highest torque compared to other ,fdels to lowest viscosity of the coconut
oil. The lowest viscosity increased the combustsbficiency due to better fuel injection

atomization. Buyukkaya [13] pointed out that, highescosity of biodiesel can affect the

engine torque as it prevents sufficient breakingha biodiesel during injection process.
When the blend of biodiesel level increases, teeosity of biodiesel also increases.
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Figure 2: Torque against engine speed (RPM) for various sefdiodiesel-natural gas

Figure 3 shows the effects of the three fuels enaigine torque. The measurement showed
that the addition of CNG into biodiesel had a pesieffects on the torque. The presence of
CNG in the engine allowed engine compression ratimcrease. As the compression ratio
increased, it would partially increase ideal eff@y and torque [24]. The reduction of
engine torque at high speed indicated that lesefaras needed to push the engine speed
piston at high speed. This was due to reduced dbdugher speed.The average torque over
the engine speed ranged from 497.3167, 450.0083138a833 N-m by B5-DDF coconut
oil, B5 coconut oil and diesel, respectively. The-BDF coconut oil produced higher engine
torque (by 36%) than B5 coconut diesel and dieBeis result is similar with findings by
Lim et al. [25] regarding engine optimization andigsion characteristic fuelled with natural
gas and diesel.
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Figure 3: Torque against Engine Speed (RPM) for various fuels
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3.2 Brake Specific Fuel Consumption (BSFC)

Figure 4 shows the variation of brake specific femhsumption (BSFC) versus engine speed
for all the test engines from 1400 rpm to 2600 rgnvas seen that BSFC increased initially
at 1400 rpm for all fuels due to an increase in mtage of friction, which was decrease of
fuel conversion efficiency, as stated by Kalam Bfasjuki [26]. The average BSFC over the
test cycle for B10-DDF palm oil, B5-DDF coconut,oB5-DDF palm oil and B10-DDF
coconut oil were 0.4154 kg/kWh, 0.3461 kg/kWh, ®33%g/kwWh and 0.4404 kg/kWh,
respectively.B5-DDF coconut oil produced the lowBSFC compared to other fuels, as
shown in Figure 4. The lower BSFC for B5-DDF cocoaoil compared to other fuels was
contributed by the higher heating value of biodiesed thus less biodiesel blend was
required in order to maintain constant power outg}t In addition, the higher oxygen
content resulted in lower heating value. Thereftine, same energy output from the engine

required larger mass fuel flow, thus increasing 836 compensate the reduced chemical
energy in the fuel.

0.55

0.50

/)

045 —@— B10 - DDF PALMOIL

—m— B5.- DDF COGONUT OIL
—_— A —d— B5- DDF PALM CIL
B10 - DDF COCONUT OIL
- .\ \
0.30

T T 1
1200 1700 2200 2700
RPM

0.35

Brake Specific Fuel Consumption (kg/kWh)

Figure 4: Brake specific fuel consumption against engine @& M) for various blend
biodiesel-natural gas

Figure 5 shows the variation of brake specific fo@hsumption at 1400 rpm and 2600 rpm
engine speed under diesel, blend of biodiesel-DbdF ldlend of biodiesel respectively. As
shown, at low and higher speed, B5-DDF coconut haitl considerably lower BSFC
compared to B5 Coconut oil and diesel. The reasmmslower brake specific fuel
consumption for blend of biodiesel-DDF might be dog¢he higher heating value of natural
gas than diesel. Higher heating value could impitbeeutilization of the gaseous fuel due to
higher temperature inside the combustion chamb#reoéngine and shortest start of ignition
[27]. The combination of biodiesel and CNG as d fireduced the lowest BSFC compared
to other fuels.Over the entire speed range, theageeof BSFC was found to be 0.3461
kg/kWh for B5-DDF Coconut oil, 0.4390 kg/kwh for BZoconut oil and 0.4499 kg/kWh for
diesel. The lower value of BSFC indicated thatehgine consumed less fuel. The B5-DDF
Coconut oil produced lower BSFC by 28.02% than BSdhut oil and pure diesel.
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Figure 5: Brake specific fuel consumption against engine ¢dge&M) for various fuels

3.3 Carbon Dioxide (CQ)

The emission level of carbon dioxide (g§@mission for the blend of biodiesel-DDF at 1400
RPM until 2600 RPM is shown in Figure 6. It candeen that Ce®emission was very high at
higher engine speed. Liaquat et al. [22] conclutiatl the high emission of carbon dioxide is
attributed to the presence of oxygen content inlioeliesel which reacts with unburned
carbon atoms during the combustion and increagefotimation of CQ The higher amount
of CO; thus signified a complete combustion of fuel. Grerage for all the engine speed
range, the C®levels were at 11.1583%, 10.9%, 10.925% and 1%04d¢ B10-DDF palm
oil, B5-DDF coconut oil, B5-DDF palm oil and B10-BTxoconut oil, respectively. B5-DDF
coconut oil fuel produced the lowest £€émission compared to other fuels.

: T —8— B10- DDF PALM OIL
A fa —m— B5-DDF COCONUT OIL
. // _A— B5-DDF PALMOIL
B10- DDF COGONUT OIL
11.2
11.0

s - S i
PN

10.6

104 . . ,
1200 1700 2200 2700

Carbon Dioxide (%)

Figure 6:Carbon dioxide against engine speed (RPM) for varldend biodiesel-natural gas.

The effects of diesel, B5-DDF Coconut oil and B5c@aut oil on emission of carbon dioxide
are shown in Figure 7. It was found that the low@6k was produced by 10.9% B5-DDF
Coconut oil, followed by 11% from the diesel and30B33% from B5 Coconut oil. Lim et
al. [3] also found that in case of diesel fuel,Mission is higher than dual-fuel mode. The
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low carbon content of CNG is responsible for lowarbon dioxide emission, as CNG is
mainly made up of methane (@H

12.2

12.0 /f
1.8 //’
e —8— DIESEL OIL

A // /- —m— BS- DDF COCONUT OIL
ula // / —d— B5 - COCONUT OIL
142
11.0 — il
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10.4 g : .
1200 1700 2200 2700

Torque (N-m)

Figure 7: Carbon dioxide against engine speed (RPM) for variaels
3.4 Carbon Monoxide (CO) Emission

The variation of carbon monoxide (CO) as a funcobrengine speed (RPM), from 1400 to
2600 rpm, is given in Figure 8. CO is an intermestiacombustion product and was formed
mainly due to incomplete combustion of fuel. CO wasduce due to shortage of combustion
air. On average over the engine speed rangefatuisd that the CO produced was 2.3525%,
2.2625%, 1.9942%, and 2.4617% by B5-DDF palm ollp#®DF coconut oil, B10-DDF
palm oil, B5-DDF coconut oil respectively.Basedtba average, B10-DDF palm oil emitted
the lowest CO compared to other fuels. The highergen in the molecule resulted in
complete combustion of the fuel and supplied theesgary oxygen to convert CO into £0
[4]. By increasing the blend of biodiesel, the oaydevel also increased. Besides, at higher
engine speed, the emission of CO increased, whightralso decrease air fuel ratio, thus
reducing the oxygen content.
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Figure 8:Carbon monoxide against engine speed (RPM) foouarblends of biodiesel-
natural gas
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Figure 9 shows the comparison of the CO emissiowvasious fuels used in the diesel
engines. The CO emission decreased with increasigge speed for diesel and B10 palm
oil, but it was vice versa for B10-DDF palm oil, \wwh emitted more CO compared to other
fuels. Since natural gas is in gaseous statelit@duce the volumetric efficiency or in other
words, it will displace 8 to 10% of oxygen availkalibr combustion process [24]. Hence, this
will reduce the total excess air ratio. Shah ef2d] also found that CO emission under dual
fuel operation is significantly higher than undermal diesel operation.It is interesting to
note that, the engine emitted more CO using di@selompared to biodiesel blend fuel. The
higher oxygen content in B10 Palm oil comparedi&gsel helped the mixture to completely
burn, thus reducing the amount of CO. This resslsimilar with the findings made by

Ramadhas et al. [23].
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Figure 9: Carbon monoxide against engine speed (RPM) foouariuels

3.5 Nitrogen Oxide (NOX) emission

The result of N@Q emission from 1400 to 2600 rpm engine speed isvsho Figure 10. The
NOy emission for all four type of fuel were found dessing as the engine speed increased.
NOx level was higher due to lower cetane index. Highage index caused significant
reduction in the N@ emission due to shorter ignition delay times aasuited in lower
average combustion temperature.Figure 10 alsoatehicthat the lowest NQvas produced

by B5-DDF palm oil (average 253.4167) followed by-BDF coconut oil (average

253.5833), B10-DDF coconut oil (average 258.08) &mD-DDF palm oil (average
268.9167).
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Figure 10: Nitrogen oxide against engine speed (RPM) for wexiblends of biodiesel-
natural gas

Figure 11 shows the comparison of the  Gfnission of various fuels used in the diesel
engine. The emission was found decreasing witreas® in engine speed. The B5-DDF palm
oil and B5 palm oil emitted low amount of N@ comparison with diesel. This was probably
due to cool gas CNG entering the engine cylinddrtans overall combustion was completed
at low temperature [26]. Knothe et al. [29] con@ddhat with increasing cetane index causes
significant reduction in the NOemission due to shorter ignition delay times aesult in
lower average combustion temperature.The averagge éddission over the engine speed
range were 253.4167, 256.5833and 259.8333 by B5-Balm oil, B5 palm oil and diesel,

respectively. Maxey and Kalaskar [30] reportedhiaitt study, NQ emission decreases when
using natural gas substitution.
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Figure 11: Nitrogen oxide against engine speed (RPM) for vexitmels

3.6 Unburned Hydrocarbon (HC) Emission

The variation of unburned hydrocarbon concentratsogiven in Figure 12, set at 1400 rpm
to 2600 rpm engine speed for various blends ofibgad DDF system. As observed, all the
emission of unburned hydrocarbon decreased as eersgpieed increased. Higher unburned
hydrocarbon emission at initial speed might be wul®wer charge temperature and air fuel
ratio which caused slower combustion and small tiues of fuel to escape during

combustion process [18]. The average HC emissien e engine speed range were 87.67,
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99.58, 80.92 and 83.42 by B5-DDF palm oil, B5-DR¥€a@nut oil, B10-DDF coconut oil and
B10-DDF palm oil, respectively. Based on Figure B20-DDF coconut oil emitted low
unburned hydrocarbon compared to biodiesels. Ths due to higher oxygen content in the
biodiesel. When complete combustion occurred, rhgdgocarbons in fuel were burned and
thus reduced the emission of unburned hydrocarbon.

Figure 12: Unburned hydrocarbon emission against engine s{i&ell) for various blends
of biodiesel-natural gas

Figure 13 shows that the quantity of unburned hgaidoon decreased as engine speed
increased. This result is almost similar with thesult reported by Papagiannakis, and
Hountalas [18]. As seen in Figure 13, it is obvithet HC emission under B10-DDF coconut
oil was significantly higher than diesel and B1@aoaut oil. This was the consequence of the
presence of methane in natural gas that slowed dbg/meaction with other hydrocarbon in
very lean mixtures. The flame was also lowered,ctvhimight have been too low for
combustion to take place [10]. Kalam and Masjulé][&tated that the quantity of unburned
hydrocarbon emission can be increased if a) thecfign occurs too early, which causes
increase of delay time and thus more fuel goestdact at cool cylinder wall, or b) injection
is too late due to insufficient time for completntbustion. The above statement may be the
reasons for highest emission of unburned hydroecatiyoB10-DDF coconut oil, when the
cool CNG entered the engine cylinder and thus asmd the emission of unburned
hydrocarbon.
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Figure 13: Unburned hydrocarbon emission against engine s{&ei) for various fuels

4.0 CONCLUSSION

This paper has presented an investigation on therpgance and emission of DDF diesel
engine fuelled by multi-variant biofuel by using B2ngine system. The experiment study
has been performed and the following results amensarized as follows:

1. B5 coconut oil produces the highest torque coethéo other fuel. This is due to lowest
viscosity of coconut oil that eases the flow of thel through the injector and contributes to
better fuel injection atomization and thus incresasembustion efficiency. Besides, the
presence of CNG in the engine produces betterrfueing thus increases the combustion
efficiency. The B5-DDF Coconut oil produces higlergine torque (by 10.8%) than B5-
coconut oil and diesel.

2. B5-DDF coconut oil requires less amount of foieihd, proven when the BSFC produced
is the lowest compared to other fuels. This is digler heating value of coconut oil. As a
result, for the same energy output from the engineequires smaller mass fuel flow, thus
decreases the BSFC to compensate the reduced ehemergy of the fuel. The analysis

shows that B5-DDF coconut oil produces lower BSF(28.02% than B5 Coconut oil and

pure diesel.

3. The B5-DDF coconut oil emits the lowest £8 compared to other fuels. This may be
attributed to lower oxygen content of biodiesel &wd carbon content of CNG.

4. B10-DDF palm oil emits the lowest CO as compacedoconut oil. The extra oxygen in
the molecule results in complete combustion offtied and supplies the necessary oxygen to
convert CO to CQ in contrary with B10 palm oil and diesel. Sinaural gas is in gaseous
state, it will reduce volumetric efficiency and shueduce the oxygen available for
combustion.

5. Over the entire range of speed, B5-DDF palneiits lower NQ compared to other fuels.
The higher cetane index causes significant redudtiothe NQ emission due to shorter
ignition delay times and results in lower averagmbustion temperature.



Journal of Advanced Research in Fluid Mechanicsmtmal Sciences
ISSN (online):827879 | Vol. 6, No. 1. Pages 1-18, 2015

6. Among four types of different blend of biodie€MG, B10-DDF coconut oil emits the
lowest unburned hydrocarbon compared to other fdis is due to higher oxygen content
in B10-DDF coconut oil. The higher emission of unmimd hydrocarbon signifies the result of
incomplete combustion. However, B10-DDF coconutewilits the highest HC as compared
with B10 coconut oil and diesel. This is due toh@g methane content in natural gas that
slows down the combustion; in addition, the flanpeesi may have been too low, which
prolongs the total combustion duration.
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