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Abstract—An experimental investigation was carried out to
analyze non-edible oils (hazelnut) in blending with normal
diesel fuel with approximate proportions of 5%, 10 % ,
15%, 20% and 25% by volume in a mono cylinder, four
stroke vertical, water cooled, Compression Ignition engine.
Experimentation was performed by using the above fuel
blends in the compression ignition engine operating at
different loads. A comparative analysis was made on the
output parameters such as emissions like oxides of
nitrogen(NOXx), total unburned hydro carbons, oxides of
carbon(COx), and partially burned hydro carbons, Brake
specific fuel consumption, Brake Thermal Efficiency, smoke
density, temperature of exhaust gases, for all blends
prepared with bio-fuels mixing with normal diesel fuel at
different proportions mentioned above. It was known that
engine is giving better performance by using a blend B20
with proportions of 20% hazelnut bio-fuel and 80%
conventional diesel fuel without any modifying in design
parameters and operating characteristics of the engine.
Engine working on bio-diesels blend as fuel are showing
considerable reduction in emissions like oxides of carbon
and hydro carbons but with marginal increase in oxides of
nitrogen without effecting brake thermal efficiency when
compared with conventional neat diesel fuel. The
corresponding neat diesel fuel operation, the bio-fuel oil
blends show decrease in emissions of smoke with marginal
increase in NOx with unchanged brake thermal efficiency.
Hazelnut bio-diesel having better properties next to diesel
fuel in comparison with other bio fuels.
Keywords—Biodiesel, Emissions,
Performance.

Non-edible oils,

l. INTRODUCTION
Along with techniques related to the engine to meet
emission regulations imposgil-4], researchers of engine
are also focusing their interest on the domairuef-felated
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techniques, such as for example oxygenated fuelshwdre
able to decrease particulate emissif#slOland alternative
gaseous fuels that are renewable in nature.

To develop the sources of alternate fuel, many tsof
the world are stepping forward by paying considkrab
attention. Alternative fuel which are produced fraime
products of agriculture are reducing the oil impoirt the
world. They are also supporting agricultural indiest,
which increases the farming incomes despite of

all these advantages they are also reducing theuskh
emissions. The bio fuels which are considered astmo
promising fuels are the fuels derived from vegetadls, bio
alcohols, and vegetable oils. Among all the indastin the
world bio fuel production is one of the rapidly giog
industries. In spark ignition engines bio-ethansl the
primary alternative to gasoline. Vegetable oil atibir
derived bio fuel as well as diesel fuel mixing wimall
proportions of ethanol are alternative fuel for qoession
ignition engines. Whereas other alternative fuéte bio-
mass derived hydro-carbon fuel, bio-butanol andrdyen
are being research at present which are considasd
alternative fuel for next generation.

Apart from renewability, bio-fuels are more advasaus
than normal diesel in some aspects like they avenbavery
less sulphur content and aromatic contents, highmicity,
higher flash point, non-toxicity and higher bio-dedgability.
On the other side the disadvantages of bio-fuettudes
very high pour point, very high viscosity, the laweetane
number, lower volatility and lower calorific valu@ne of the
great disadvantages of bio-fuel is its highly irmsed
viscosity, which is approximately 10-20 times gesathan
normal diesel fuel. More over short term tests bing bio-
fuels are giving promising results but when endias been
operated for longer periods then problems are apmga
which includes more carbon deposits, injector cgkivith
trumpet formation, piston oil ring sticking, as wek the
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thickness of engine lubricating oil also increasgbe

following methods are adopted to avoid the problems

associated with their high viscosity. Micro emdutsifion
with methanol or ethanol blending in small blendias
with diesel fuel, cracking, preheating and conwarsin to
bio-fuel mainly through the transisterification pess.[22—
25].

The advantages of bio-diesels as diesel fuel, ajpant
renewability, are the minimal sulfur and aromatantent,
the higher flash point, the higher lubricity, thgher cetane
number, and the higher biodegradability and nonettyx
On the other hand, their disadvantages includehtgker
viscosity (though much lower than the vegetable oite),
the higher pour point, the lower calorific valuedathe
lower volatility. Furthermore, their oxidation sthty is
lower, they are hygroscopic, and as solvents thay cause
corrosion of components, attacking some plasticenas
used for seals, hoses, paints and coatings. Thew sh
increased dilution and polymerization of engine puail,
thus requiring more frequent oil changes.

Because of all the above reasons, maximum up to @6%
bio-fuels and vegetables are generally acceptedleasls
with diesel fuel and can be used in existing diesgjines
without modifications. Experimental studies on tks
engines with the use of bio-fuels blending with tndiasel
have been reported.

The present experimental work studies and comptres
above bio-fuels of various origins, in blendingwitrdinary
diesel fuel, by fuelling a single cylinder, direicjection,
naturally aspirated Cl engines.
extended the present investigation for hazelnutanod its
methyl esters for different blend ratios, followeg another
paper dealing with their heat release and stastinalysis
using insulated combustion chamber of the samenengi

As mentioned above, the results of performance and

emissions have been evaluated by this research kor
using blends of neat diesel fuel with single bieifu
(hazelnut oil) [28], in the single-cylinder, water-cooled,
direct injection, ‘kirlosker’ diesel engine concimg the
present work. The interpretation of the experimenta
measurements was based on the differences of piexper
between the fuels tested.

Most of the experimental works reported on the afskio-
fuels in the compression ignition engines are referto
mainly single-cylinder naturally aspirated enginkave
been used only one or two bio-fuel oils. But thesant
research work steps forward in reporting on the abe
single bio-fuel oils on a single-cylinder, four gite and
water-cooled diesel engine.
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A companion paper

Widely differing chemical and physical propertiet mwo-

fuels against those of diesel fuels, are combimiiip the

theoretical aspects of diesel engine combustioth,aae used
to aid the correct interpretation of the observedire

emissions and performance wise behavior.

. DESCRIPTION OF THE ENGINE TEST
FACILITY

Facilities to monitor and control engine variablegre
installed on a test-bed, Kirloskar single cylindeyr stroke,
vertical, water cooled, compression ignition engiffég. 1)
was used and mounted on the ground. The test engiae
directly coupled to an eddy current dynamometeh wititable
switching and control facility for loading the engi Engine
specifications were as follows: bore & stroke, 8u® x 110
mm; compression ratio, 17.5: 1; speed, 1500 rpud; timing,
27° by spill (btdc); clearance volume, 37.8 cc; aatgd power,
5 hp.
For fuel consumption measurement a tank and flowering
system is used for various blend samples as folloiws
piezometer of known volume was used with the measent of
time for the complete evacuation of the sample fekch is
feeding to the engine. In order to have a quickndod a fuel
sample, including the return fuel from injector gmamp and
refilling of fuel metering system with new fuel sple a system
is provided with valves and pipes.
A system which is used for the measurement of esthgases
consists of group of analyzers for measuring carnonoxide
(CO), oxides of nitrogen (N hydrocarbons (HC), smoke
density (SD), particulate and soot. The concermmnadf CO (in
ppm) present in the exhaust gases was measurediby u
‘Signal’ Series-7200 non-dispersive infrared anafyz
(NDIR) equipped with a ‘Signal’ Series-2505M Cooler
‘Bosch’ RTT-100 opacimeter, is used to measurestheke
level in the exhaust gas the readings of whichpaogided as
equivalent smoke density in (mg of soot? wf exhaust
gases). The concentration of nitrogen oxides in gparts
per million, by vol.) present in the exhaust gaseas
measured by using ‘Signal’ Series-4000 chemilundaees
analyzer (CLA) that was fitted with a thermostaltica
controlled heated line. The total unburned hydrooas
concentration (in ppm) present in the exhaust gasas
measured with a ‘Ratfisch-Instruments’ Series R8&e-
ionization detector (FID) that was also fitted with
thermostatically controlled heated line.
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Table.1: Engine Specifications and Injection System Basic
Data.

Engine model and type : Kirlosker single-cylindésur,
stroke,compressionignition,
direct injection,  water-
cooled.

Speed 50Q rpm

Engine total displacement 661 cm3

Bore/stroke 8mE/110 mm

Compression ratio 17.5:1

Maximum power 5.2 HP @@3pm

Maximum torque 29.0376 1500rpm

opening pressure 250 bar

[I. PROPERTIES OF FUELSTESTED

Single typical straight Bio-diesel oil, viz. hazetris tested
as supplements of the normal diesel fuel, at blatids 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 oplsut
content approximately (0.035 wt %) forms the base for
present study. To reduce the viscosity of bio-fubésy are

to be de-gummed and refined, nearly the edible type

without any pre-heating and adding any additived. A
important properties of single bio-fuel and diesele
provided in table-2. All the values mentioned ir tiable
are the mean values taken from various sites dederees
mentioned with this paper. In this study it reqdite note
that the cetane number and kinematic viscosity eslu
mentioned are not used computationally. In ordesjalain
qualitatively the relative performance and emission
behavior of different fuel blends they are onlyere¢d to
for indicative purposes.
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Table.2: Fuel Properties.

Density Kllnema}tlc Calorific
viscosity Flash
Fuel at 15c. at 40c value. ooint
Kg/mm® oST MJ/kg
Diesel 837 1.3 42.70 369
Hazelnut 875 3.59 42.12 425

Table 3: Accuracy of Measurements and Uncertaifity o
Computed Results.

Measurements Accuracy

NOXx 5 ppm
HC +0.5 ppm
CcoO +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, transedtetibn

method is adopted for preparation bfodieselll. In this
process, non-edible oil (1000 ml) was taken inragtway
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 wazeohiwith
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 Ifoln.
The solution is poured down in a separate bealgrisan
allowed to settle for 4 h. Glycerin settles at th@tom and
methyl ester floats at the top (coarse biodies®lethyl
ester is separated, heated above 100°C and maihtain
for 10-15 min to remove untreated 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-edihle
12
oil .
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V. PARAMETERSTESTED AND
EXPERIMENTAL PROCEDURE

Engine testing was done in a laboratory at a cohsta
temperature. Engine was started and warmed-upnatdie,
long enough to establish the recommended oil pressu
and was checked for any fuel, oil leaks. After ctatipg
warm-up procedure, engine was run on no- load tiondi
and speed was adjusted to 1500 rpm by adjusting fue
injection pump. Engine was run to gain uniform shee
after which it was gradually loaded. Experimentsrave
conducted at different levels of load. For eachdloa
condition, engine was run at a minimum of 10 mid aata
were collected during the last 4-min of operation.
Simultaneously, engine exhaust emissions were also
determined.

The series of tests are conducted using edcthe
above mentioned blends, with the engine workingpegted
of 1500 and at different torque mentioned abovecaBse
of the differences in oxygen content and calonfidues of
different fuels tested, the analysis is effectedhat same
engine brake power and not the air fuel ratio omesa
injected fuel mass.
In each test exhaust smokiness, volumetric
consumption rate, and exhaust gas emissions sucdriasn
monoxide, nitrogen oxides, and total unburned
hydrocarbons are measured. From the first measunteme
brake thermal efficiency (BTHE.) and brake specffiel
consumption (b.s.f.c.) are computed using the faehple
density and lower calorific valueTable 3 shows the
uncertainty of the computed results of various peters
and the accuracy of the measurements.
The analysis of experimental work was started wath
preliminary investigation of the compression igoriti
engine fueled with neat diesel fuel, to find ou¢ #xhaust
emission levels and engine operating charactesistisich
constitute a base line can be used to compare thih
corresponding cases when using each of the blemdsrfg
with the combination of neat diesel and bio-fuelthwi
appropriate proportions. By keeping the same operat
conditions the same procedure was repeated for feth
blend. For every time when the fuel is changed, lihes
through which fuel flows were cleaned and theneahgine
is allowed to run for about 30 minutes to reach stadbilize
its new desired conditions.

fuel

VI. RESULTS AND DISCUSSION
Test engine was run with different fuels and tiroe 0 cc
fuel consumption was calculated. Among single leisels,
Hazelnut biodiesel showed lesser viscosity tharerothils at
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various temperatures (Fig. 2), may be due lowesitienf
hazelnut biodiesel than others.

A. Brake Thermal Efficiency (BTHE)

Fig. 2 shows, the brake thermal efficiency (BTHE.) foe th
neat diesel fuel, and 20% blends of the hazel fo:diesel
with diesel fuel, at all loads. BTHE of diesel mmore
compared with hazelnut biodiesel blending with
diesel with proportions 20%Hazelnut biodiesels
and 80% conventional diesel this might be becawse |
calorific value and higher viscosity. BTHE is shog
increasing trend as brake power increases.

80+20 BLEND 0il:BP Vs BRAKE THERMAL EFFICIENCY
30 : . .
25} 1
S
5 20f -
=
15} 1
—e— Diesel
10 ‘ . ——HAZELNUT
0 1 2 3 4
BP (kW)

Fig.2: Brake Thermal Efficiency
B. Hydrocarbon (Hc) Emissions
HC emission of diesel is minimum forHazelnut bicdie
blend when compared with normal diesel as fuel llatoads
(Fig. 3). HC emissions trend at 20% blend of biseligs as
H20 shown in figure, this decrease in HC than kiesgy be
because more amount oxygen availability duringtieac which
favors better combustion when compared with diesel.
Hence, HC emissions are very less for Hazelnut
biodiesel blend.

80+20 BLEND 0il:BP Vs HIC
80 : : :
70| 1
g
=60} 1
@]
=
50} 1
—s— Diesel
10 ‘ . ——HAZELNUT
0 1 2 3 4
BP (kW)

Fig.3: Hydrocarbon Emissions
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C. NOX Emissions

Fig. 4shows, the emitted nitrogen oxides (NOXx) in ppm fo
the neat diesel fuel, and 20% blends of the hatrelio-
diesel with diesel fuel, at different loads. O ®bserve
that the NOx emitted by all vegetable oil blends higher
than corresponding diesel fuel. According to thecdgsion

of the previous subsection the lower cetane nundfer
vegetable oils (higher ignition delay) may playoterin this
increase, apart from the delicate distributionted fuel—-air
‘packets’ inside the sprays as influenced by tred hound
oxygen.

Among biodiesels Hazelnut showed minimum NE€Rrissions
than other oilsNO, emissions trend at 20% blend of biodiesel
is as H20 shown in figure, may be due to the lotaree
number of biodiesel , which lead to ignition lagl aauses to
accumulate large amount of un burned mixture chrait bio-fuel.
This accumulated charge after reaching the satiigrcondition
will burn at a time causes better combustion thimsedl As a
result, the adiabatic flame temperature or maximum
temperature inside cylinder is more in case of ieels than
diesel. Hence, this catalyzes reactions for oxidatif nitrogen
and hence NO>emissions are more for biodiesels. For other
blends, trend is similar to that for 20% blend. ksad
increases, NOXemission increases.

Y
80+20 BLEND o0il:BP Vs NOX
750 . . .
7001 1
g 6501 1
L
5
= 600+ 1
5501 1
—e=—Diesel
—+—HAZELNUT
500 : :
0 1 2 3 4
BP (kW)
Fig.4: NOx

D. Co Emissions

Fig. 5shows, the emitted carbon monoxide (CO) in ppm for
the neat diesel fuel, and 20% blends of hazelnudiEsel
with diesel at all different loads. It is obsedvthat the
carbon monoxide (CO) emitted by all blends aréelittwer
than the corresponding diesel fuel. As the perecgntd bio-
fuel increases in the blend the carbon monoxide )(CO
emission also increase as shown in the figures kniown
from all the references and investigations that cagbon
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monoxide (CO) emission from CIl engine is very dittl
rendering the explanation of its behavior difficimta highly
heterogeneous environment as the prevailing in esedli
engine.

80+20 BLEND oil:BP Vs CO EMISSION
0.75 ‘ . ,
0.7r R
0.65¢ 1
S 06} ]
3
0.55¢ R
0.5 —s+— Diesel
—+—HAZELNUT
0'450 1 2 3 4
BP (kW)
Fig.5: CO EMISSIONS
E. Smoke Density

Fig.6 shows the smoke density for the neat diesel fud, a
20% blends of the four vegetable oils with diesglf at
different loads. One can observe that the denditglldbio-
fuel blends is higher than the ones for the cowrdmg neat
diesel fuel. This is because of higher viscositgoatated
with bio-diesel blends.

80+20 BLEND:BP Vs SMOKE DENSITY
0.75 . . ,
0.7 1
£
= 065 1
Z
=i
o 06 R
I
o
S 0.55¢ R
7!
0.5 —s—Diesel
045 ‘ |~ HAZELNUT
0 1 2 3 4
BP (kW)

Fig.6: SMOKE DENSTY

F. Brake Specific Fuel Consumption

Fig. 7 showsthe brake specific fuel consumption (b.s.f.c.)
expressed in kg/kW h (kilograms per kilowatt andifhdor
the neat diesel fuel, and blends of 20% of singbefbel and
neat diesel fuel at different loads. The mass ftate of fuel
blend is calculated from the respective volume floate
value which is measured and the density of the Iilehds
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which is computed by considering the densitieshef fuel
using and the ratio of fuel blends involved in the
experimental work. Since the evaluation of worknagde on
the constant speed and same load which is tradsilatto

the same engine power, and these values are picpito

the mass flow rate of fuel. It is to be observeat tine air
mass flow rate remains same under the same opgratin
conditiong

Hazelnut 0il:BP Vs BRAKE SPECIFIC FUEL CONSUMPTION|
1 . . :
—— Diesel
—+— HAZELNUT
~ 038 1
E
=
206 1
@]
(=
7
m
04 J
0.2 : : :
0 1 2 3 4
BP (kW)

Fig.7: Brake Specific Fuel Consumption
G. Exhaust Gas Temperatures

VII. SUMMARY AND CONCLUSIONS
An experimentation was carried out to evaluate amalyze
the performance parameters and constituents of uskha
emission levels of bio-diesel viz. hazelnut biosdie as
alternative to the diesel fuel. Making bio-dieséra with
ratios of 20/80 (by vol.), in a fully instrumentedingle-
cylinder, four stroke single cylinder direct injeet, diesel
engine.
Number of tests was conducted with the above béenidiel,
making the engine to work at different loads. Irclegest,
exhaust smokiness, exhaust gas temperatures
constituents of exhaust gas emissions like nitrogeides
(NOx), total unburned hydrocarbons (HC) and carbon
monoxide (CO), are investigated. Brake specific | fue
consumption and Brake thermal efficiency were cotegu
from measured fuel volumetric flow rate and calornifalues.
The exhaust emissions were reduced by the uséoaflidsel
blends along with the respective conventional aliégels,
hazelnut bio-diesel blends is giving better perfance
The NOx emissions were showing marginal increask thie
use of bio-diesel blends with respect to those lodé t
conventional diesel fuel, this also increases witte
percentage of bio-diesel in the blend.

and

Exhaust gas temperature Exhaust gas temperature (EGT) varied '& CO emissions were decreased considerably hethise

with load and the results for both diesel and hazglbiodiesel
blend HB20 are presented in Figure 8. EGT of adl thsted
fuels increased with load. EGT of H B20 was higttren that of
diesel fuel at the highest load due to the blenkigiher

viscosities, which resulted in poorer atomizatiopporer

evaporation, and extended combustion during theawsth
stroke. As the amount of bio-fuel content increashen

viscosity also increases, and, as a result, EGheoblends was
higher than that of diesel fuel due to deteriorafiocombustion
and more fuel being oxidized.

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

300} 1

250} 1

EXHAUST GAS TEMPERATURE(oC)

200} 1
—e—Diesel
—+—HAZELNUT
150 :
0 1 2 3 4

BP (kW)
Fig.8: Exhaust Gas Temperatures

www.ijaers.com

of hazelnut bio-diesel blend when compare with
conventional diesel fuel this might be because naxgen
concentration available with bio-diesel.

The HC emissions were decreased considerably hithuse

of hazelnut bio-diesel blend when compare with
conventional diesel fuel this might be because noosgyen
concentration available with bio-diesel.

The engine brake thermal efficiency is slightly &wfor
hazelnut bio-diesel than the brake thermal efficyerof
diesel operated in the same engine. The reasothi®ris
lower calorific values associated with hazelnut-diesel
blend.
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