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Abstract— An experimental analysis was made to
investigate two non edible oils (hazelnut and palm),
blending with neat diesel fuel with the proportions of 5%,
10%, 15%, 20% and 25% by volume and used as fuel in a
single cylinder, four stroke, water cooled, Compression
Ignition engine. Experimental tests were conducted by
using the above bio-diesel blends as fuel operated with the
above mentioned engine working at various loads.
Performance parameters and exhaust emissions of
hazelnut and crambe bio-diesel blends are compared with
the same results of diesel fuel. Performance parameters
selected to analyze are Brake Thermal Efficiency(BTHE),
Brake Specific Fuel Consumption(BSFC) and Exhaust
Gas Temperature(EGT) and exhaust emissions selected to
investigate are Carbon Monoxide emissions(CO), Oxides
Of Nitrogen(NOx) and smoke density(SD). From the
results of all blends used as fuel in the engine, it is
clarified that Cl engine showing better performance by
using a hazelnut bio-diesel blend with proportions of 20%
hazelnut bio-diesel and 80% normal diesd fuel.
Traditional Engine with bio-diesels as fuel are showing
acceptable reduction in emissions like hydro carbons and
oxides of carbon but with marginal increase in oxides of
nitrogen compared with diesel fuel. But BTHE of Bio-
diesel blend is less than the BTHE of diesel fuel operating
in the same engine. From all the blends Hazelnut bio-diesel
blends are giving better performance parameters and
decreased emission characteristics hazelnut oil having
better properties immediately after diesel fuel when
compared with remaining bio-diesel blends.

Keywords— Biodiesel, Emissions, Non-edible oils,

Performance.
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l. INTRODUCTION
Along with techniques related to the engine to meet
emission regulations impos¢t-4], researchers of engine
are also focusing their interest on the domain wl-f
related techniques, such as for example oxygerfaield
which are able to decrease particulate emisg®ns0jand
alternative gaseous fuels that are renewable ir@at
To develop the sources of alternate fuel, many t@msof
the world are stepping forward by paying considkrab
attention. Alternative fuels which are producednir¢he
products of agriculture are reducing the oil impdrt the
world. They are also supporting agricultural indiest,
which increases the farming incomes despite othake
advantages they are also reducing the exhaust iensss
The bio fuels which are considered as most promigiels
are the fuels derived from vegetable oils, bio atds, and
vegetable oils. Among all the industries in the hdsio
fuel production is one of the rapidly growing inthies. In
spark ignition engines bio-ethanol is the primary
alternative to gasoline. Vegetable oil and thenivaal bio
fuel as well as diesel fuel mixing with small profions of
ethanol are alternative fuel for compression igmiti
engines. Whereas other alternative fuels like bassn
derived hydro-carbon fuel, bio-butanol and hydrogee
being research at present which are considered as
alternative fuel for next generation.
Apart from renewability, bio-fuels are more advaygaus
than normal diesel in some aspects like they arénpa
very less sulphur content and aromatic contentghdri
lubricity, higher flash point, non-toxicity and gr bio-
degradability. On the other side the disadvantajesio-
fuels includes very high pour point, very high wasity,
the lower cetane number, lower volatility and lower
calorific value. One of the great disadvantagebioffuel
is its highly increased viscosity, which is approately
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10-20 times greater than normal diesel fuel. Movero
short term tests by using bio-fuels are giving psing
results but when engine has been operated for tonge
periods then problems are appearing, which inclunese
carbon deposits, injector coking with trumpet fotim,
piston ail ring sticking, as well as the thicknegsengine
lubricating oil also increases. The following medkcare
adopted to avoid the problems associated with thigjin
viscosity. Micro emulsification with methanol orhenol
blending in small blend ratios with diesel fuelacking,
preheating and conversion in to bio-fuel mainlyotigh
the transisterification procesf22—-25}

The advantages of bio-diesels as diesel fuel, dpant
renewability, are the minimal sulfur and aromatinient,
the higher flash point, the higher lubricity, thégter
cetane number, and the higher biodegradability ot
toxicity. On the other hand, their disadvantagetue the
higher viscosity (though much lower than the veleta
oils one), the higher pour point, the lower calorifalue
and the lower volatility. Furthermore, their oxibet
stability is lower, they are hygroscopic, and atvesus
they may cause corrosion of components, attackimges
plastic materials used for seals, hoses, paintsaatings.
They show increased dilution and polymerizatioridine
sump oil, thus requiring more frequent oil changes.
Because of all the above reasons, maximum up to @%
bio-fuels and vegetables are generally accepteolaasls
with diesel fuel and can be used in existing diesgjines
without modifications. Experimental studies on tfé
engines with the use of bio-fuels blending with trdiasel
have been reported.

The present experimental work studies and compthes
above bio-fuels of various origins, in blending it
ordinary diesel fuel, by fuelling a single cylindefirect
injection, naturally aspirated Cl engines. A conipan
paper extended the present investigation for haredi
and its methyl esters for different blend ratiadlcived by
another paper dealing with their heat release tastisal
analysis using insulated combustion chamber ofstmae
engine.

As mentioned above, the results of performance and
emissions have been evaluated by this research or
using blends of neat diesel fuel with two bio-fuels
(hazelnut and palm)28], in the single-cylinder, water-
cooled, direct injection, ‘kirlosker’ diesel engine
concerning the present work. The interpretationthof
experimental measurements was based on the difiesen
of properties between the fuels tested.
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Most of the experimental works reported on theafdgio-

fuels in the compression ignition engines are referto
mainly single-cylinder naturally aspirated enginesve
been used only one or two bio-fuel oils. But thegent
research work steps forward in reporting on theafg®o

bio-fuel oils on a single-cylinder, four stroke andter-
cooled diesel engine.

Widely differing chemical and physical propertiefshio-

fuels against those of diesel fuels, are combimiith the
theoretical aspects of diesel engine combustiod, ae
used to aid the correct interpretation of the olesgtengine
emissions and performance wise behavior.

1. DESCRIPTION OF THE ENGINE TEST
FACILITY

Facilities to monitor and control engine variablesre
installed on a test-bed, Kirloskar single cylindegr stroke,
vertical, water cooled, compression ignition eng{fé&. 1)
was used and mounted on the ground. The test engine
was directly coupled to an eddy current dynamomettr
suitable switching and control facility for loaditige engine.
Engine specifications were as follows: bore & stf087.5
mm x 110 mm; compression ratio, 17.5: 1; speed) 1p;
fuel timing, 27° by spill (btdc); clearance volun®,.8 cc; and
rated power, 5 hp.
For fuel consumption measurement a tank and flotering
system is used for various blend samples as follodvs
piezometer of known volume was used with the measent
of time for the complete evacuation of the sampé #hich
is feeding to the engine. In order to have a quicin of a
fuel sample, including the return fuel from injecémd pump
and refilling of fuel metering system with new fiegimple a
system is provided with valves and pipes.
A system which is used for the measurement of estlgases
consists of group of analyzers for measuring carbonoxide
(CO), oxides of nitrogen (N hydrocarbons (HC), smoke
density (SD), particulate and soot. The concemmnatif CO
(in ppm) present in the exhaust gases was measyred
using ‘Signal’ Series-7200 non-dispersive infrared
analyzer (NDIR) equipped with a ‘Signal’ Series-2350
Cooler. ‘Bosch’ RTT-100 opacimeter, is used to meas
the smoke level in the exhaust gas the readingshidh
are provided as equivalent smoke density in (mgauft/
m® of exhaust gases). The concentration of nitrogédes
in ppm (parts per million, by vol.) present in tBghaust
gases was measured by using ‘Signal’ Series-4000
chemiluminescent analyzer (CLA) that was fitted hwi
thermostatically controlled heated line. The tataburned
hydrocarbons concentration (in ppm) present inettteaust
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gases was measured with a ‘Ratfisch-InstrumentseSe
RS55 flame-ionization detector (FID) that was disted
with a thermostatically controlled heated line.

4] H

Fig.1: Experimental Setup

Table.1: Engine Specifications And I njection System Basic
Data.

Engine model and type : Kirlosker single-cylindéour,
stroke, compression ignition,
direct injection, water-cooled.

Speed 50Q rpm

Engine total displacement 661 cm3
Bore/stroke 8m/m/110 mm
Compression ratio 17.5:1

Maximum power 5.2 HP @Q%pm
Maximum torque 29.0376 1500rpm
opening pressure 250 bar

[I. PROPERTIES OF FUELSTESTED
Two  typical types of straight Bio-diesel oils, viz
safflower, crambe, corn, hazelnut, and palm oil tasted
as supplements of the normal diesel fuel, at btatids of
05/95% ,10/90%, 15/85% and 20/80% 25/75% (by vol.)
with the conventional diesel fuel.
Diesel fuels which contains very less amount dplsur
content approximately (0.035 wt %) forms the base for
present study. To reduce the viscosity of bio-fuletsy are
to be de-gummed and refined, nearly the edible type
without any pre-heating and adding any additivel. A
important properties of two bio-fuels and diesek ar
provided in table-2. All the values mentioned ie tiable
are the mean values taken from various sites dacereces
mentioned with this paper. In this study it reqdite note
that the cetane number and kinematic viscosity eslu
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mentioned are not used computationally. In order to
explain qualitatively the relative performance and
emissions behavior of different fuel blends theg anly
referred to for indicative purposes.

Table.2: Fuel Properties.

Density Kinemat e
c Calorifi Flas
at 15c. . .
Fuel Kg/mm viscosity | cvalue. h
3 at 40c. MJ/kg | point
cST
Diesel 837 1.3 42.70 369
Hazelnu 875 3.59 42.12 425
t 867 3.94 41.24 434
Palm

Table.3: Accuracy of Measurements and Uncertainty Of
Computed Results.

Measurements Accuracy
NOx +5 ppm
HC +0.5 ppm
CO +0.2%
Smoke opacity +0.1%
Speed +5rpm
Specific fuel consumption +1.5
Time 5%
Torque 0.5 Nm
Fuel volumetric rat +1
Power 1

V. EXPERIMENTAL SECTION,
TRANSESTERIFICATION PROCESS
To reduce viscosity of vegetable oils, transegtetibn

method is adopted for preparation bfodieselll. In this
process, non-edible oil (1000 ml) was taken in reehway
flask. In a beaker, sodium hydroxide (NaOH, 12 gd a
methanol (CHOH, 200 ml) were thoroughly mixed until it

is properly dissolved. The solution obtained wagechiwith
non-edible oil in three way flask and stirred prbpe
Methoxide solution with non-edible oil was heated t
60°C and continuously stirred at constant rate Ifoh.
The solution is poured down in a separate bealgrigan
allowed to settle for 4 h. Glycerin settles at twtom and
methyl ester floats at the top (coarse biodiesklgthyl
ester is separated, heated above 100°C and mabhtain
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for 10-15 min to removeuntreated methanol. Certain
impurities like NaOH etc. are still dissolved iretbbtained

coarse biodiesel. These impurites are cleaned yp b
washing with 350 ml of water for 1000 ml of coarse

biodiesel. Cleaned biodiesel is methyl ester of-eudihle
12
oil .

V. PARAMETERSTESTED AND
EXPERIMENTAL PROCEDURE

Engine testing was done in a laboratory at a cohsta
temperature. Engine was started and warmed-up vat lo
idle, long enough to establish the recommended oil
pressure, and was checked for any fuel, oil ledter
completing warm-up procedure, engine was run on no-
load condition and speed was adjusted to 1800 rgm b
adjusting fuel injection pump. Engine was run tonga
uniform speed, after which it was gradually loaded.
Experiments were conducted at different levels azdl
For each load condition, engine was run at a minminof
10 min and data were collected during the last #-pfi
operation. Simultaneously, engine exhaust emissions
were also determined.
The series of tests are conducted using each oélibge
mentioned blends, with the engine working at spe&d
1500 and at different torque mentioned above. Bezai
the differences in oxygen content and calorificuesl of
different fuels tested, the analysis is effectedhat same
engine brake power and not the air fuel ratio amesa
injected fuel mass.
In each test exhaust smokiness, volumetric fuel
consumption rate, and exhaust gas emissions such as
carbon monoxide, nitrogen oxides, and total unbdirne
hydrocarbons are measured. From the first measuteme
brake thermal efficiency (BTHE.) and brake specitiel
consumption (b.s.f.c.) are computed using the $aehple
density and lower calorific valueTable 3 shows the
uncertainty of the computed results of various peai@rs
and the accuracy of the measurements.
The analysis of experimental work was started wath
preliminary investigation of the compression igoiti
engine fueled with neat diesel fuel, to find owt ixhaust
emission levels and engine operating charactesistitich
constitute a base line can be used to compare tivith
corresponding cases when using each of the blends
forming with the combination of neat diesel and-hiel
with appropriate proportions. By keeping the same
operating conditions the same procedure was repdate
each fuel blend. For every time when the fuel ianged,
the lines through which fuel flows were cleaned #meh
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the engine is allowed to run for about 30 minuteseiach
and stabilize its new desired conditions.

VI. RESULTS AND DISCUSSION
Investigation on the engine was made with different -
diesel blends as fuels and time for 10 cc fuel
consumption was calculated. Among two biodiesdtsnga
with its blends Hazelnut biodiesel is showing leséscosity
than other oils at various temperatures (Fig. 23y rbe
due lower density of hazelnut biodiesel than others
A. Brake Thermal Efficiency (BTHE)

Fig. 2shows, the brake thermal efficiency (BTHE.) foe th
conventional diesel fuel, and 20% blends of theehma#
and palm bio-diesel blends with diesel fuel, atioas
loads. BTHE of diesel is maximum compared with all
biodiesels blends at all loads (Fig. 3). Among Iléséls,
hazelnutshowed better BTHE than other oils. BTHE trend at
20% blend of biodiesel is as H20 > P20. For othends,
trend is similar to that for 20% bio - blend. Asadb
increases, BTHE too increases, may be due avigfiadil
oxygen which helps in complete combustion of tieb fu

80+20 BLEND oil:BP Vs BRAKE THERMAL EFFICIENCY
30 . . ‘

[
h

bthe(%o)
=

151 —e—Diesel

——HAZELNUT
PALMP
10 : .
0 1 2 3 4
BP (kW)
Fig.2: Brake Thermal Efficiency
B. Hydrocarbon (Hc) Emissions
HC emission of diesel is maximum compared with
biodiesel blends at various loads tested (Fig. 3).
Among biodiesels, Hazelnut showed minimum HC
emissions than other oils. HC emissions trend &b bend
of biodiesel is as H20 > P20, may be because atidsels
contain oxygen, which favors better combustion when
compared with diesel. Hence, HC emissions are lemy
for biodiesel. For other blends, trend is similarthat for
20% blend, as load increases, HC emissions ingease
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80+20 BLEND oil:BP Vs HC
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80+20 BLEND oil:BP Vs NOX

Fig.3: Hydrocarbon Emissions
C. NOX Emissions

Fig. 4shows, the emissions nitrogen oxides (NOx) in ppm

for the neat diesel fuel, and 20% blends of the eofuel
oils with diesel fuel, at different loads. It iss#yved that
the NOx emission by all bio-diesel blends are highan
corresponding diesel fuel. The lower cetane nurobéio-
diesels blends (higher ignition delay) may playoke rin
this increase, apart from the delicate distributminthe
fuel-air ‘packets’ inside the sprays as influendsdthe
fuel bound oxygen.
Out of all biodiesels blends Hazelnut bio-diesetnhl is
showing minimum NOxemissions than other oildNO,
emissions trend at 20% blend of biodiesel is as HZR0,
may be due to the low cetane number of biodiegeich lead
to ignition lag and causes to accumulate large anadwin burned
mixture of air and bio-fuel. This accumulated chaadier reaching
the self ignition condition will burn at a time sas better
combustion than diesel. As a result, the adiab#time
temperature or maximum temperature inside cylinder
more in case of biodiesels than diesel. Hence,cHiayzes
reactions for oxidation of nitrogen and hence N&xXissions
are more for biodiesels. For other blends, trensinslar to
that for 20% blend. As load increases, NGnission

increases. However, emissions are less when cothpare

with 20% blend.
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Fig.4: NOy

D. Co Emissions

Fig. 5 shows CO emission of diesel is maximum
compared with biodiesel blends at various loads
tested (Fig. 3). Among biodiesels, Hazelnut showed
minimum CO emissions than other oils. CO emissions
trend at 20% blend of biodiesel is as H20 > P20, b
because all biodiesels contain oxygen which fabetser
combustion when compared with diesel. Hence, CO
emissions are very less for biodiesel. For othends,
trend is similar to that for 20% blend, as loadréases,
CO emissions increases.

80-20 BLEND oil:BP Vs CO EMISSION
0.75 . . |
0.7 ]
0.65} ]
= 06 ]
3
0.55! ]
——Diesel
0.51 —+— HAZELNUT
0.45 ' ' PALM
0 1 ) 3 4
BP (kW)

Fig.5: CO Emissions

E. Smoke Density
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Fig.6 shows the smoke density for the neat diesel fure, a
20% blends of the four vegetable oils with diese!f at
different loads. One can observe that the densig}l dio-
fuel blends is higher than the ones for the coordmg
neat diesel fuel.

80420 BLEND:BP Vs SMOKE DENSITY
0.8
0.75r .
Z 0} ]
7
Z 065 ]
a
[
M 06 [ 7
=
0.55¢ 1
“ —+—Diesel
0.5¢ ——HAZELNUT
0.45 PALM
0 1 2 3 4
BP (kW)

Fig.6: Smoke Density for the Neat Diesel Fuel

F. Brake Specific Fuel Consumption

Fig. 7 showghe brake specific fuel consumption (b.s.f.c.)
expressed in kg/kW h (kilograms per kilowatt andif)o
for the neat diesel fuel, and blends of 20% of bimfuels
and neat diesel fuel at different loads. The mbmss fate
of fuel blend is calculated from the respectiveuvok flow
rate value which is measured and the density offileé
blends which is computed by considering the desssitif
the fuel using and the ratio of fuel blends invalva the
experimental work. Since the evaluation of workriade
on the constant speed and same load which is atedsin

to the same engine power, and these values are

proportional to the mass flow rate of fuel. It is be
observed that the air mass flow rate remains samaeru
the same operating conditions.
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Hazelnut 0il:BP Vs BRAKE SPECIFIC FUEL CONSUMPTIO]}
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Fig.7: Brake Specific Fuel Consumption
G. Exhaust Gas Temperatures
Exhaust gas temperature Exhaust gas temperature (EGT)
varied with load and the results for different tiere
presented in Figure 8. EGT of all the tested firetseased
with load. EGT of B20 was higher than that of didsel
at the highest load due to the blends’ higher \&iiEs,
which resulted in poorer atomization, poorer evation,
and extended combustion during the exhaust stikéhe
amount of bio-fuel content increases (B20, B25)nthe
viscosity also increases, and, as a result, EGfeoblends
was higher than that of diesel fuel due to detation in
combustion and more fuel being oxidized.

80+20 BLEND:BP Vs EXHAUST GAS TEMPERATURE
350 - . :

300t

250F

200t

0 1 2 3 4
BP (kW)
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L
=]

EXHAUST GAS TEMPERATURE(oC)

Fig.8: Exhaust Gas Temperatures
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VII. SUMMARY AND CONCLUSIONS
An experimental investigation is conducted to eatduand
compare the performance and exhaust emission lefels
two different bio-fuels viz. Hazelnut and palm as
supplements in the diesel fuel at blend ratios@8@ (by
vol.), in a fully instrumented, single-cylinder,uiostroke
single cylinder direct injection, diesel engine.
A series of tests have been performed by usingabiuere
each of fuel blends, providing the engine working a
different loads. In each test, exhaust gas, exhaust
smokiness, temperatures and exhaust regulated gas
emissions such as carbon monoxide (CO), nitrogétleex
(NOx) and total unburned hydrocarbons (HC) are
analyzed. Brake thermal efficiency and brake spetifel
consumption were computed from measured fuel
volumetric flow rate and calorific values.
The exhaust smoke density was increased by theofuse
bio-diesel blends as fuel when compare with neasdli
fuel, hazelnut bio-diesel blends are performinddset/hen
compared with remaining all bio-fuels blends prepar
from hazelnut and crambe.
There is a marginal increase in NOx emission with tise
of hazelnut bio-diesel blend and crambe bio-dibtsid as
a fuel when compare with the NOx emission reledsad
the engine with conventional diesel as fuel. Ouélbbio-
fuels prepared in the present study hazelnut késdli
blend HB20 is giving lower as compared with remagni
blends.
The CO emissions were decreased noticeably witlusiee
of bio-diesel blends as fuel in conventional engivieen
compare with CO emission from the same engine with
diesel as, this is also decreasing as the percemfgio-
diesel increase in the blend.
The HC emissions were decreased noticeably withusiee
of bio-diesel blends as fuel in conventional engivigen
compare with HC emission from the same engine with
diesel as, this is also decreasing as the percemfabio-
diesel increase in the blend.
Brake Thermal efficiency of an engine operated widsel
is showing marginal decrease in BTHE when compared
with BTHE from the same engine but with conventiona
diesel as fuel.
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