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ABSTRACT

Diesel engine plays a vital role in power generatidransportation and industrial activities. The ima
advantages of the diesel engine over the gasolpagksignition engine include its durability, redutduel
consumption and lower emission of carbon monoxiaé anburned hydrocarbon. Due to higher efficiency,
diesel engines are of high interest in light duéhicles. The objective of the present study isvestigate the
effect of aluminium oxide nanoparticles blendedsdiguel combustion, performance and exhaust earissi
characteristics of a diesel engine. Experimentsenewnducted to determine engine performance, eomssi
and combustion characteristics in a single cylindersel engine using diesel fuel (DF) and diesel biended
aluminium oxide nanoparticles in mass fractions 28ppm (DF+AONP25) and 50ppm (DF+AONP50),
respectively with the help of a sonicator. Afterseries of experiments it was observed that 25ppm of
aluminium oxide nanoparticles blended fuel exhibitsignificant reduction in specific fuel consumptiand
hydrocarbon emissions at all operating loads congglato other cases. There is a considerable redndatio
carbon monoxide and smoke emissions. Due to complahbustion NOx emissions increases. The results
also showed a considerable enhancement in brakentdieefficiency due to the influence of aluminiundexi
nanoparticles addition in diesel blend. As the dmsdevel of aluminium oxide nanoparticles increases
50ppm the brake thermal efficiency, HC, CO and Ng&dnissions decreases considerably with respect to
25ppm of aluminium oxide nanoparticles blend. Thisra noticeable increase in specific fuel consuampt
and smoke emissions of DF+ANOP50 with respect ta ANFOP25.

Keywords: Aluminium oxide nanoparticles (AONP), Diesel, URomicator, Combustion, Performance,
EmissionsCoefficient of variations (COV)

INTRODUCTION

Increasing liquid fuel prices and impending emissiegulations have sharpened the automotive indasio focus
on efficiency. Moreover the rapid depletion of fibésels due to widespread use has forced to sefarckome low
emission and renewable sources. Emissions of dieskld vehicle have high concentration of N&dd particulate
matter. The mixture contain carbon particle that¢ axceptionally small in size, less than one microhe

environmental concern, emission from motor vehl@d&e become an impute begetter of air pollution.féssil

fuels are limited sources of energy, this incregglamand for energy has led to a search for aligenaources of
energy that would be economically efficient, sdgialuitable, and environmentally sound. Convergidoels have
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been found rather inadequate in improving emisgibaracteristics which is the very first need of @uing
emission regulation. Nanopatrticles could decrehseemission parameter and can improve combustiiriegicy
by improving the ignition delay and fuel propertidanoparticles had the potential as the next gdiogr fuel for
lowering emission and combustion efficiency impnmest.

Rolvin D’Silva et al. [1], conducted experiments on the addition of Ji@anoparticles with diesel fuel in
compression ignition engine. The addition of Ti@noparticles enhances higher carbon combustidraton, act
as oxygen buffer and hence promotes complete caimbu®ue to the complete combustion of fuel, emiss such
as CO and HC are appreciably reduced.

Basha et al. [2], had investigated the effect dboa nanotube (CNT) into diesel to achieve betefqmance and
reduced emission .The experiment were conductesingte cylinder four stroke water-cooled DI diesegjine with
an electrical loading device at constant speeds6DIRPM using neat diesel and CNT blended diesttlowt any
modification in engine. It was observed that maghét of emission characteristics such as,NGD, HC, EGT and
smoke opacity is comparatively less compared to dieael.

Kao et al. [3], had investigated the combustioraleiminum nanofluid into diesel. An ultrasonicatoasmused to
produce emulsified nano-aluminum liquid. It was etved using nano-aluminum diesel (AN+D) fuel haddeced

the BSFC compared with diesel D fuel. The alumimanopowder additive mixed in D fuel causes a ct@aoke
reduction for engine speed less than 1800 RPM afk Moncentration was showing a decreasing trend.
Selvaganapthy et gl4], studied the role of Zinc oxide (ZnO) nanopads on the performance of single cylinder
four stroke vertical water cooled diesel enginee Téssults showed that the thermal efficiency i83% only at full
load for diesel fuel (DF), whereas 36.8% and 37.3%%% ebtained for DF+ZnO (250 ppm) and DF+ZnO (500 pp
respectively.

Mehta et al. [5], Investigated the burning chamasties, engine performance and emission paramefeassingle-
cylinder Compression Ignition engine using nanolfughich were formulated by sonicating nano pazdcbf
aluminum (Al) having 30-60nm, iron (Fe) 5-150 nndéoron (Bo) 80-100 nm in size in base diesel Withwt%
and 0.1wt% Span80 as a surfactant for stable suspers higher loads, the emission study showectelide of
25-40% in CO (vol. %), along with a drop of 8% and 4%hydrocarbon emissions for A1 and Fe nano fuels
respectively. Due to elevated temperatures a hike%® and 3% was observed in NOx emission with Al Bad
Shafii et al. [6], had performed test on a fouliryer, compression ignition engine, operating &i®gm. A water
based Ferrofluid was added to diesel fuel to exptbe effects on the engine exhaust emission. Befeumulated

on basis of load variation, which shows that addints ferrofluid to diesel fuel decreased NOx emisdiy 9 to

15 ppm, adding 0.8% Ferrofluid to diesel fuel desegbNOXx emission by 14 to 24 ppm.

Mozhi et al. [7], had investigated the performancembustion and emission characteristics of a khmia
compression ratio engine using cerium oxide narimbes and carbon nanotubes as fuel-borne nanofeerti
additives in diesterol (diesel-biodiesel-ethanédnts. The Cerium Oxide nanoparticles were an axydnating
catalyst which provides oxygen for the oxidationcairbon monoxide and absorbs oxygen for the rediuai
nitrogen oxides. The activation energy of Ceriunmid@xwas to burn off carbon deposits and helps &vemt the
deposition of non-polar compounds on the cylindal wesulted in significant reduction of hydrocanband smoke
emissions. Lenin et al. [8], performed the experitheon a single cylinder diesel engine for evabratf diesel
doped with metal additives MnO. Brake thermal éfficy was increased and the exhaust emission neaeuts
for the fuel with manganese additive showed thati€@duced by 37% due to higher carbon activation.

EXPERIMENTAL SECTION

2.1. Preparation of fuel blend

For the blending of aluminium oxide nanoparticlegiesel, taken a sample of diesel say 1litre &ed 0.025g of
aluminium oxide in the nanoparticles form is adttednake the dosing level of 25 ppm. The dosinglle¥@5 ppm

is 0.025 g/l, respectively. After the addition ddiminium oxide nanoparticles, it is shaken well @nehn it is poured
into mechanical homogenizer apparatus where igisat@d for about 30 min in an ultrasonic vibratoaking

uniform dispersion. It should be shaken well befase, as excess of nanoparticles settle down aticol Similar

procedure carried out for 50ppm with 60 min agitasi
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2.1.1. Properties of diesel blend samples
The properties of diesel were determined by stahdeathods like bomb calorimeter, redwood viscometet open
cup apparatus. Table 1 shows the properties dfigie

Table 1 Properties of fuel

Properties Diesel DF| DF+ANOP25| DF+ANOP5(Q]
Flash point (°C) 48 50 52

Fire point (°C) 52 54 56
Kinematic viscosity @40 °C (x16m?s) 2.56 2.60 2.63
Calorific value (kJ/kg) 43500 43630 43783
Density ( kg/n?) 830 832 833

2.2. SEM of aluminium oxide nanoparticles
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Figure 1 Structure of Nanoparticles

The size of the crystals is very important in nameterials to evaluate the mechanical and chemicgiegties. The
SEM images show aluminium oxide nanoparticles &ifarticle size of less than 100 nm as shown id figurface
and morphological characterization of aluminiumdexinanoparticles was carried out using scanningtrele
microscopy. The mean size of aluminium oxide nanigeas varies from 60 to 70 nm.

3. EXPERIMENTAL SETUP AND TEST PROCEDURE

Experiments were conducted on a Kirloskar, fousksy single cylinder, air cooled diesel engine. $tieematics of
the experimental setup are shown in fig.2. Thedratewver of the engine was 4.4 kW and the engineopasated at

a constant speed of 1500 rpm and a standard imfeptiessure of 200 bar. Specifications of the tegine were
given in Table 2. The fuel flow rate was measuredaonolume basis using a burette and a stop watch.
Thermocouple and a digital display were used t@ tio¢ exhaust gas temperature. The AVL415 smokermets
used for measuring FSN of exhaust smoke,,NMIC and CO emissions were measured by AVL fiveagadyzer.
The inner cylinder pressure was measured with #le bf combustion analyzer. The experiment wasie@rout
with different blends of fuel. Readings were takéren the engine was operated at a constant spelgsD6frpm for

all loads.
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Figure 2 Experimental setup
Table 2 Engine Specification
Type Vertical, air cooled, four stroke single cyer diesel enging

Make Kirloskar

Number of cylinders| One

Bore 87.5 mm

Stroke 110 mm

Compression ratio 17.5:1

Maximum power 4.4 kW

Dynamometer Electrical

Speed 1500 rpm

Injection timing 23 deg CA(before TDC)

Injection pressure 200 bar

Parameters such as engine speed, fuel flow andiemislsaracteristics such as NGHC, CO and smoke were
recorded. The performance of the engine was ewalust terms of brake thermal efficiency and spediiiel

consumption from the above parameters. The combustiaracteristics such as cylinder pressure aatrekease
rate were noted for different fuels.
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4. MEASUREMENT OF COEFFICIENT OF VARIATIONS

CYCLIC VARIATION
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Figure 3 Cylinder pressure cyclic variations Vs Crak angle
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Figure 4 Coefficient of variations Vs Crank angle

Fig.3 shows ten consecutive readings of cylindesgure with respect to the crank angle where x@l@are ten
consecutive engine cycles. Coefficient of variatimeasures the cyclic variation of the cylinder pues with
respect to the crank angle. The repeatability ef tieasured data is analyzed using coefficient gatian. Ten
consecutive readings of cylinder pressure with eesgo crank angle of diesel (DF) and aluminiumdexi
nanoparticles blended diesel (DF+ANOP25 and DF+AB@Huels are measured. The coefficient of variatio
(COV(x)) is calculated using the following formula

COV(x) =§*100% 1)
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Where

Average X = Y1, ¥/, (2

Standard deviation = /leln(;_‘l_}?)z (3)

Fig.4 shows the coefficient of variations of theaswered fuels from start of combustion to the endnjction
period. It was found that maximum coefficient ofiations for diesel, nanoparticles blended dies&5ppm and
50ppm fuels are 1.67%, 1.14% and 1.19%, respectiVélky.coefficient of variations of the measured fuslsvell
below the acceptable limits of 10/]. Hence the measured data are acceptable.

RESULTS AND DISCUSSION

In the present study, the performance, emissiod,ambustion characteristics of the engine fuellgh diesel
(DF) and aluminium oxide nanoparticles blended @ig®F+ANOP25 and DF+ANOP50) fuel blends were
compared and discussed.

5.1. Engine performance parameters

5.1.1. Brake specific fuel consumption

The tests were performed for pure diesel (DF) dachimium oxide nanoparticles blended diesel (DF+APRS and
DF+ANOP50) samples. Experimentally, it was obsertleat the fuel consumption increases when the loas
increased for all operations of diesel and dieteds.Fig.5 shows the variation of brake specific fuelsuionption
with respect to brake power for diesel and diesehdb of aluminium oxide nanoparticles. The brakecsic fuel
consumption of aluminium oxide nanoparticle blendéssel (DF+ANOP25) fuel is lower than that of diefuel
(DF) for all loads. Aluminium oxide nanoparticlegidize the carbon deposits in the engine cylingeding to
reduced fuel consumption. From the fig.5 it is obsdrthat the brake specific fuel consumption valakseat
diesel fuel and aluminium oxide nanoparticles beshdliesel fuels are nearly same at moderate lodie w
DF+ANOP25 shows a considerable decrease of abowtnitPF+ANOPS50 shows a considerable decrease of abou
4% in comparison with the diesel fuel (DF) at aher loads. For DF+ANOPS50, the increase in fuelscomption
was more than that of DF+ANOP25 blend. This was tdutihe higher viscosity compared to DF+ANOP25 flen
Nanoparticle blended diesel were found to be impdowith the increase in their calorific value dogresence of
aluminium oxide nanoparticle which acts as oxygeiffds, thereby making the engine to consume lesd fu
compared to diesel fuel to overcome identical load.
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Figure 5 Brake specific fuel consumption Vs Brak@ower
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5.1.2. Brake thermal efficiency

The Brake thermal efficiency is defined as theorafiwork output at the engine shaft to the eneugyplied by fuel.
It is a measure of the engine’s ability to makecedht use of fuel. Fig.6 shows the variation o thrake thermal
efficiency with respect to brake power. The resslisw that the brake thermal efficiency of the dieseine is
improved by the addition of aluminium oxide nandjzées in the diesel fuel. The metal oxide nandphks present
in the diesel blend encourage complete combusidren compared to the sole diesel fuel. Aluminiunidex
nanoparticles act as an oxygen buffer and thus dugprthe brake thermal efficiency. The aluminium exid
nanoparticle offers the secondary atomization inmatedafter the primary micro explosion phenomenbuiesel
fuel. As the atomization takes place nanopartidferchigh surface area to volume ratio which letmlcatalytic
combustion resulting in an increased thermal efficy. A maximum increase of 6% and 3% in the brakenhl
efficiency was obtained from DF+ANOP25 and DF+ANORW®BIh respect to diesel fuel (DF). As the dosagelle
of aluminium oxide nanoparticles increases the gomion of fuel also increases due to higher viggo#\s a
result the brake thermal efficiency of DF+ANOP5@mases with respect to DF+ANOP25.

BRAKE THERMAL EFFICIENCY
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Figure 6 Brake thermal efficiency Vs Brake power
5.2. Emission parameters
5.2.1. Hydrocarbon
Fig.7 shows the variation of hydrocarbon emissiimn25 ppm and 50ppm level of aluminium oxide naanbigles
in diesel blend. Addition of aluminium oxide nandyaes increases the level of oxygen content endlesel blend.
However, oxygen content of fuel is the main reafeorHC emission reduction and complete combustidom this
fig.7, it is seen that as the load increases hydoocaemission also increases due to insufficiemtilability of
oxygen. Hydrocarbon emission is found to be comaloly reduced with the addition of the nanopartidie diesel
fuel. The hydrocarbon emission of diesel fuel daseel on addition of aluminium oxide nanoparticle285ppm and
50ppm by about 45% and 40%, especially at low loae+ANOP50 reduce the carbon combustion activation
compared to DF+ANOP25. Hence HC emission increasdarther addition of nanoparticles were obtained.

5.2.2. Carbon monoxide

Carbon monoxide highly relies upon the air-to-fpeportions comparative to stoichiometric ratiay.Bishows the
influence of the aluminium oxide nanoparticles addito diesel on carbon monoxide emissions. Nan@hoxide
particles as an oxidation catalyst lead to higharban combustion activation and hence promote ocet@pl
combustion. The nanoparticle blended fuels showedlarated combustion due to the shortened igniteday. Due

to shorten of ignition delay, the degree of fual-raixing and uniform burning have enhanced. Hettoere was an
appreciable reduction in carbon monoxide emissfonaluminium oxide blended diesel fuel. At highead due to
poor mixing of air and fuel mixture CO emissioririsreased. CO emissions are almost same for DF+A26GiAd
DF+ANOP50 fuels, except at 25% load condition. A maxn decrease of 50% and 40% in CO emission was
obtained for DF+ANOP25 and DF+ANOP50 fuels withpest to diesel fuel (DF).
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HYDROCARBON EMISSIONS
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Figure 7 Hydrocarbon Vs Brake power
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Figure 8 Carbon monoxides Vs Brake power

5.2.3 Oxides of nitrogen

Fig.9 shows NQ emission with and without the addition of nanojgées on diesel fuel. NOemission is mainly
depended on temperature, the local concentrationxgfien and the duration of combustion during défe

combustion phases on the different combustion zoHes nanoparticles possess high surface area$h wiioease
their chemical reactivity which in turn reduces fgeition delay. Earlier carbon combustion actigatincreases
their in-cylinder temperature at all loads compaxediesel fuel. Among the blends DF+ANOP50 shawvedr NQ,
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emission than other concentration. A drastic ineeeaf 23% in NOx emission was obtained with respectiesel
fuel.
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Figure 9 Oxides of nitrogen Vs Brake power
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Figure 10 Smoke emissions Vs Load
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5.2.4 Smoke emission

Fig.10 shows the variation of smoke emission witkpect to brake power for DF, DF+ANOP25 and DF+ARQP
fuels. It is observed that as the load increasessimoke density gradually increases in all cd&smsDF+ANOP25,
the smoke emission varies from 0.01 FSN at no toal58 FSN at maximum load, which is lower thaa diesel
fuel, except at higher load condition. Further dliglition of nanoparticles significantly increases smoke emission
at higher load. This may be due to poor mixing ioff@el mixture and insufficient oxygen at higheratd. The
smoke emission of DF+ANOP25 and DF+ANOP50 decreasdmsut 20-30%, especially at moderate load
conditions. It was also observed that the smoke&on increases with the addition of nanopatrticles.

5.3. Combustion parameters

5.3.1. Cylinder pressure

Fig.11 shows the variation of cylinder pressuréhwéspect to crank angle for diesel and modifiedediblend with
the addition of aluminium oxide nanoparticles dfedent engine operating conditions. As the endiiael decreases,
the wall temperature and residual gas temperaiave been reduced, which leads to a lower chargpdeature at
injection timing and lengthens the ignition del&gdition of nanoparticles tends to reduce the ignitdelay and
enhances the combustion. It has been observethdratis slight increase in cylinder pressure wltldosage levels
of nanoparticles compared to pure diesel fuel. Phak pressure is increased by shortening of thieisibin
combustion of nanoparticles blended fuels and ased in-cylinder temperature at all loads. Fromfitpd 1, it is
seen that the cylinder pressure for DF, DF+ANOPR28 BF+ANOP50 was 64.017, 66.049 and 64.864 bar,
respectively.
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Figure 11 Cylinder pressure Vs Crank angle
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5.3.2. Heat release rate

Fig.12 shows the variation of heat release rath vaspect to crank angle. The addition of nanogesgiincreases
higher carbon combustion activation and hence ptesithe complete combustion. From the fig.12 ttléar that
heat release rate was found to be decreased witadtiition of aluminium oxide nanoparticles witkspect to pure
diesel. High surface area of nanoparticles inciedabe chemical reactivity of the fuel which accates the
combustion process and reduces the ignition d&8agrtened ignition delay promotes lesser fuel-aitipipation
for combustion and thereby reduced heat releaseoltsned during the combustion process. Aluminioxide
nanoparticle promotes controlled combustion rathan rapid combustion. The value of heat releateise03.774,
80.440 and 80.025 kJfdeg for DF, DF+ANOP25 and DF+ANOPS50, respectively.
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Figure 12 Heat release rate Vs Crank angle
CONCLUSION

The performance, emission, and combustion chaistitsrof a single cylinder diesel engine usingsdlgDF) and
modified diesel (DF+ANOP25 and DF+ANOP50) fuels wanalyzed. Based on the investigation, the follgwin
conclusions are drawn.

The specific fuel consumption is higher for neasédiduel and it has reduced with the addition of\V¥©
A small improvement is observed with the additié®M@ONP with diesel fuel.

With the use of AONP in diesel fuel the CO emissidecreases except at higher load conditions.
The addition of AONP decreases the HC emissionswebenparing with neat diesel.

The NOx emission was found to be drastically insegbwith the addition of AONP with diesel fuel.
The addition of AONP in diesel fuel reduces the kenemission except at higher load.
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e There is slight increase in peak pressure withattdition of AONP in diesel fuel due to reduced igm delay
and in-cylinder temperature.

e The heat release rate decreases with the addifiohONP in diesel fuel due to earlier carbon comharst
activation.

NOMENCLATURE
Ccov Coefficient of variation
co Carbon monoxide
CO; Carbon dioxide
HC Hydrocarbon
NOx Oxides of nitrogen
DF Diesel Fuel

DF+ANOP25 Diesel + 25ppm Aluminium oxide nanoparticles
DF+ANOP50 Diesel + 50ppm Aluminium oxide nanoparticles

SEM Scanning electron microscope
Ppm Parts per million

Rpm Revolutions per minute

FSN Filter smoke number
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