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Abstract—

This paper presents the results of investigations carried
on CRDI system assisted diesel engine using diesel
blended with Iron (1, 111) Oxide nanoparticles. The iron
(11, 111) Oxide nanoparticles was mixed with diesel in
mass fraction of 25 and 50 ppm with the help of
mechanical homogenizer and an ultrasonicator. The
experiment was carried out with the aim of obtaining
comparative measures of combustion and emission
parameters to evaluate the behavior of the CRDI diesel
engine running on the diesel and iron (l1, 111) Oxide
nanoparticles blended modified diesel. It was observed
that iron (I, 111) Oxide nanoparticles blended diesel
exhibit a dignificant reduction in specific fuel
consumption and exhaust emission at all operating loads.
The results also showed a significant enhancement in
brake thermal efficiency and heat release rate due to
influence of iron (I, I11) Oxide nanoparticles addition in
diesal.

Keywords: Iron (I1, I11) Oxide Nano particles (IONP),
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l. INTRODUCTION

One of the most critical challenges ahead of thesali
engine is to meet future emissions regulations swhil
improving performance and fuel economy with a mialim
cost penalty. The current and emerging after treatm
technologies give encouraging results, but thest @md
complexity threaten the competitiveness of the alies
engine package. Conversely, over the past decade,
research on diesel homogeneous charge combust®n ha
highlighted an alternative approach for significangine

out reductions of nitrogen oxides (NOx) and Paltitai
Matter (PM) emissions [1-3]. Diesel fuel is one thg
prime focus areas of research for the scientistgder to
improve the properties of fuel as per the standard
specifications. In the present scenario, the sisisnand
environmentalists are concerned with ecofriendlglgu

worldwide for industrial development brought witts i
prosperity environmental pollution. Transportation
vehicles with hydrocarbon fuel contribute signifitlg to

air pollution through the emission of SOx and N@oxnfi

IC engines [4]. The overall calorific value of tkdéesel
fuel increases due to high energy density of metale
particles, and improving the performance of theimady
increasing power output [5]. Nanoparticles blenfigsls
exhibit considerably enhanced thermal and physical
properties when compared to base fuels. At nanamete
scale the surface-area-to-volume ratio of the narnmbes
increases and this create a larger contact suridaee
during the rapid oxidation process [6]. Lenin et [
investigated in his study is based on the effechario
metal oxide additives like manganese oxide and eopp
oxide to diesel fuel. Metal oxide additive are dobpeth
diesel fuel. The changes in diesel fuel properttese to

the introduction of nano metal oxide additive were
observed. The diesel fuel with nano metal oxideitagd
presented a marginal increase in performance. The
exhaust emissions of the diesel fuel with nano heetiae
additive showed significant decrease in level einiss
Sajith et al. [8] conducted an experiment in diesaline

by dosing cerium nanoparticles to biodiesel anchéba
significant reduction in NOx and HC levels, and
enhancement in the brake thermal efficiency. For
example, due to size related properties, energetic
materials containing nanoparticles can dischargeemo
than double the energy of even the finest molecular
explosives [9]. Aluminum nanoparticles blended with
water-diesel emulsion fuel, reacts with water ahbr
temperatures and generate hydrogen which promotes
complete combustion in engine chamber. Addition of
aqueous aluminum nanofluid to diesel fuel will isase
the total combustion heat, while the concentratain
nitrogen oxides and smoke in the exhaust emisgiom f
the engine will decrease [10]. There are many atdheps

of incorporating nano materials into fuels, suclslagrter
ignition delay and shorter burning times. Furthemmo

Page | 23



International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-2, Issue-3, March- 2015]
ISSN: 2349-6495

nanoparticles can be diffuse into high temperaamees
for rapid energy release, oxidation reaction, amtbaced
propulsive performance with increased density irapul
Many researchers have been also done to investigate
effect of adding nanoparticles to fluids. It hasee
reported that adding nanoparticles to a

fluid can enhance its physical properties suchhasntal
conductivity, mass diffusivity, and radiative hegnsfer
[12-14]. In this experiment Iron (Il, 1) Oxide
nanoparticles was added to diesel in different pridgns
and investigate the performance, combustion and
emission of the CRDI system assisted diesel engine.

Il. PROPERTIES OF IRON (ll, Ill) OXIDE
NANOPARTICLES

Scanning electron  microscopy provides direct
examination of nanotube alignment and size [15]e Th
morphology of nanoparticles was investigated bydfie
emission scanning electron microscopy (FE-SEM). The
FE-SEM images showed that most of the nanoparticles
obtained from all the ablated laser energies hpherscal
shape with a particle size of less than 100 nm.
Furthermore, it was observed that the particle size
increased with increasing the laser energy [16(MSE
Iron (ii, iii) Oxide nanoparticles is shown in Figul.

Oxide nanoparticles were carried out using scanning
electron microscopy. Nanosized spherical shaped (iip

iii) Oxide nanoparticles obtained was confirmed.eTh
diameter distribution of the nanoparticles variesf 24-
65nm.

Figure1 SEM of Iron (I1, 111) Oxide Nanoparticles

[l PREPARATION OF FUEL BLEND

For the blending of Iron (I, 1lI) Oxide nanopatts in
diesel, take samples of diesel say 1 litre and theasg
of Iron (ll, 1) Oxide nanoparticles is added taake the

dosing level of 25 ppm. Subsequently to increase th
dosing level of 50 ppm, we have to increase to @5
respectively. After addition of Iron (II, 1) Oxa
nanoparticles it is shaking well. And then it isupad into
apparatus where it is agitated for about 30 minirtesn
ultrasonic shaker for making uniform suspension. It
should be shaken well before use, as excess of
nanoparticles settle down on solution.The important
physical and chemical properties of diesel and IONP
blended diesel were determined by standard methods
shown in table 1.

Table 1 Properties of diesel - IONP blend samples

Net
Description Density Flash Calorific  Cetane
@ 15°C, Point, Value,  Number
(Kg/m3) °C (kJ /' kg)
Diesel fuel 815 58 42,000 47
Diesel fuel 819 63 42,342 48.4
with 25
ppm IONP
Diesel fuel 823 67 42,657 49.6
with 50
ppm IONP

V. EXPERIMENTAL SETUP AND TEST
PROCEDURE

Experiments were conducted on Kirloskar TV1, four
stroke, single cylinder, air cooled diesel engifiee rated
power of the engine was 5.2 kW at 1500 rpm. Theneng
was operated at a constant speed of 1500 rpm and a
standard injection pressure of 300 bar. Detailsthef
engine specification are given in Table 2. The film
rate is obtained by the gravimetric basis and iHoa
rate is obtained on the volumetric basis. The Avioke
meter is used to measure the smoke density. A\R-dias
analyzer is used to measure the rest of the patisita
burette is used to measure the fuel consumptionafor
specified time interval. During this interval ofmg, how
much fuel the engine consumes is measured, withahe
of a stopwatch. The experimental setup is indicated
Figure 2.
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Figure 2 Experimental Setup
Table 2 Engine Specification
Type Vertical, water cooled,
four stroke
Number of cylinders One
Bore 80 mm
Stroke 110 mm
Compression ratio 17.5:1
Maximum power 5.2 kW

Speed 1500 rev/min

Dynamometer Eddy current
Injection timing 23 (before TDC)

Injection pressure 250 kgf/ém

V. RESULTS AND DISCUSSION
The operation of the engine was found to be vergatn
throughout the rated load, without any operational
problems for the iron (ll, Ill) Oxide nanoparticlbended
diesel fuel blends. In the present section, basedhe
combustion data, cylinder pressure and heat relestee
are plotted against crank angle. The performance
attributes such as brake thermal efficiency, spedifel
consumption, and the emission parameteres suctOas C
HC NQ,, and smoke opacity are plotted against brake
power.
5.1 Engine Performance
5.1.1 Brake Specific Fuel Consumption (BSFC)
The performance tests were conducted on a CRDeldies
engine with diesel and modified diesel. Brake #jmec
fuel consumption, which depends on the engine p@aser
well as density and viscosity of the fuel. The atidns of

brake specific fuel consumption for the neat diesel the
Iron (ll, 1) Oxide nanoparticles blended diesélarious
loads have been depicted in Figure 3. It is obsktkat

the BSFC values of neat diesel fuel and 25ppm IQMNP

are nearly same, while the 50ppm IONP fuel shows a
considerable decrease of about 9% in comparisdntin
other cases.
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Figure 3 Specific Fuel Consumption Against Brake
Power

5.1.2 Brake Thermal Efficiency (BTE)

Figure 4 shows the variation of brake thermal éfficy
with increasing load for two different concentrasoof
Iron (I, 1ll) Oxide nanoparticles. The brake thedm
efficiency was increased by about 2% with the agldliof
50ppm IONP in diesel. This behavior can be expthine
based on the viscosity increase of the diesel \aith
increase in the nanoparticles concentration. Altfiothe
high surface area and, subsequently, great chemical
reactivity of the nanoparticles lead to increase th
combustion efficiency of the nanoparticle blendéesel
fuel.
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Figure 4 Brake Thermal Efficiency Against Brake Power
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5.2 Emission Parameters

5.2.1 Carbon Monoxide Emissions (CO)

The variation of carbon monoxide with brake power i
shown in Figure 5. The carbon monoxide emission
decreases with the addition of Iron (I, IlI) Oxide
nanoparticles with the diesel fuel. Generally, {6©
emission is caused due to the poor mixing of aif fael,
and incomplete combustion of fuel. The IONP present
the fuel promotes longer and more complete comtsti
as compared to the base fuel, as IONP acts asyaex
buffer, releasing oxygen depends upon the pantesdsure

of oxygen. The CO emission is marginal up to theker
power of 4.2 kW and then increases rapidly withhiig
load. CO is to be found considerably reduced wiitt t
addition of Iron (I, Ill) Oxide nanoparticles witkhe
diesel. The CO emission decrements are about 4&8% an
52% of the cases of 25ppm IONP and 50ppm IONP fuels
respectively, at the full load of the engine.
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Figure5 CO Against Brake Power

5.2.2 Hydrocarbon Emissions (HC)

The variation of hydrocarbon emission with brakeveo

is shown in Figure 6. The addition of Iron (Il,)llDxide
nanoparticles reduces the HC emission when compared
with neat diesel. The Iron (Il, 1ll) Oxide nanopeles
acts as an oxidation catalyst and lowers the carbon
combustion activation temperature, thus enhances th
hydrocarbon oxidation. The least HC emission is
observed as 55ppm for the 50ppm IONP blended diesel
fuel at the brake power of 5.3kW. This is due te th
higher cetane number, and high oxygen content ptése
the IONP blended diesel.
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Figure 6 Hydrocarbon Against Brake Power

5.2.3 Oxides Of Nitrogen (NOXx)

The NOx emissions of the engine at different
nanoparticles concentrations and the engine load® h
been shown in figure 7. It is clear that, the N@xigsion
dramatically increases, by means of IONP nanopartic
additives. This is because of the reduced ignitietay
that resulted in the higher peak temperatures agigeh
pre mixed combustion fraction observed with IONP-
diesel blends. The NOx emission from 50ppm IONP
blended diesel is 990 ppm, whereas it is 910ppm for
25ppm IONP blended diesel, compared to 890ppm for
neat diesel, at the full load respectively.
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Figure 7 Oxides Of Nitrogen Against Brake Power

5.2.4 Smoke Opacity

Figure 8 shows the smoke opacity percentage oflies
and modified diesel fuel at different brake power.
Reduced smoke opacity is observed in the case gra0
IONP blended diesel fuel. This could be attributie to
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shorter ignition delay and better combustion
characteristics of IONP blended diesel fuel. Theolgen
opacity for 50ppm IONP blended diesel fuel is 51HSU
whereas it is 73HSU for sole diesel fuel at fuido
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Figure 8 Smoke Density Against Brake Power

5.3 Combustion Characteristics

5.3.1 Cylinder Pressure

Figure 9 shows that the in-cylinder pressure witthia
combustion chamber of the CRDI diesel engine runnin
with iron (11, 1) Oxide blended diesel and saesel at

a constant speed of 1500 rpm. From the figure #eisn
that the pressure starts increasing significanthmf 7°
before TDC for 50ppm IONP blended diesel and 5° for
neat diesel. The initial increase in pressure oleskin the
case of 50ppm IONP blended diesel fuel compardteo
neat diesel fuel. The peak pressure is 73.70 btheicase

of 50ppm IONP blended diesel, whereas for neatetlies
the peak pressure is 68.04 bar at full load as shiow
Figure 6.8. This is due to high surface areas of
nanoparticles, which increases their chemical rafct

which in turn reduces the ignition delay.
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Figure9 Cylinder Pressure Against Crank Angle

5.3.2 Heat Release Rate

The variation of heat release rate with crank arigle
shown in Figure 10.The results show that the helabse
rate was found to be generally increased with thditian

of IONP to diesel. This is due to premixed and
uncontrolled combustion phase. The amount of heat
release rate is 123.587, 149.328 and 168.468dégyrfor
diesel, CMNT25 and CMNT50, respectively. This isedu
to the nanoparticle blended fuels showed accektrate
combustion due to the shortened ignition delay. Bue
shortened ignition delay, the degree of fuel-aximg and
uniform burning could have improved
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Figure 10 Heat Release Rate Against Crank Angle
VL. CONCLUSION

In the present investigation CRDI engine perforneanc

emission and combustion characteristics by usiow (H,

[II) Oxide nanoparticles blended diesel are stuched

based on the experiment the following conclusian ar

» A marginal enhancement in brake thermal efficiency
was observed with the use of iron (I, 1ll) Oxide
nanoparticles.

» The reduction in HC emission by using iron (I1,) 11l
Oxide nanoparticles blended with diesel. IONP
blended diesel showing 52% reduction in HC
compare with neat diesel fuel.

» IONP fuel additive reduce CO emission is up to 52%
compare with neat diesel, because IONP act as an
oxygen buffer and donates surface lattice oxygen.

» NOx Emission slightly increases by using IONP
blended diesel fuel compare to neat diesel fuel.

» The decrease in the emissions is proportional ¢o th
dosing level of IONP nanoparticles in the diesal an
optimum dosing level of 50 ppm of catalytic
nanoparticles was observed.
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Hence, iron (Il, IIl) Oxide nanoparticles is efit in
improving performance, combustion and reducing the
exhaust harmful pollutants from the CRDI systemsasd
diesel engine.

Nomenclature

bmep Brake mean effective pressure, MPa
SFC Specific fuel consumption, kg/kWh

BP Brake power, kW

CcO Carbon monoxide, %

HC Hydrocarbon, ppm

NO Nitrogen oxide, ppm

CRDI Common rail direct injection

IONP25 Iron (Il, 1lI) Oxide nanoparticles of
25ppm blend with diesel

IONP50 Iron (11, 1lI) Oxide nanoparticles of 50
ppm blend with diesel

rpm Revolution per minute

TDC Top Dead Centre
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