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Influence of Nano Fuel Additives to Control Environmental Pollution
from Naturally Aspirated Di-Ci Engine
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Abstract: Diesel fuel is necessary for farming, transport, and industrialized
sector. It contributes to the wealth of the universal economy while it is widely
used due to having higher flexibility, combustion efficiency, consistency and
handling facilities. However, emissions from fossil fuel are considered as the
main source of environmental pollution. Thus, it becomes necessary to reduce
emission by improving the performance of the engines. Recently the addition
of catalytic material like nanoparticles to diesel proves to be a hopeful
solution to reduce emission without much modification of the existing engine
design. In the present study, the influence of nanoparticles doped with diesel
on the performance and emission characteristics are carried out in a naturally
aspirated, single-cylinder, four-stroke, water-cooled, 3.7 kW, direct-injection
compression-ignition engine is coupled with eddy current dynamometer and
high-speed data acquisition system. Cerium Oxide nanoparticles are selected
as the best oxygen boosting catalytic nanoparticle and it is prepared by the
sol-gel process. Nanoparticles, then doped with diesel with the help of an
Ultrasonicator with different molar concentrations (5 ppm, 7.5 ppm, 10 ppm,
15 ppm). Fuel properties of nano doped fuel samples are tested and presented
in this paper. The DI CI engine experimental results were found to be brake
thermal efficiency is increased by 3.6% by simultaneously reducing fuel
consumption by 3.63% and also harmful environmental pollution like carbon
monoxide, unburned hydrocarbon, carbon dioxide, and smoke level are
decreased by 9.11%, 6.3%, 3.12%, and 12.6% respectively compared to pure
diesel. It may be due to the enhanced surface to volume ratio, catalytic activity
and improving the mixing rate of fuel and air in the combustion chamber.

Keywords: Diesel engine, Nanoparticles, Cerium Oxide, Ultrasonicator,
Environmental pollution, Data Acquisition system.

1. Introduction

Vehicular pollution has grown at an
alarming rate due to rising urbanization in
India. Air pollution from vehicles in
metropolitan areas has become a severe

problem. The pollution from vehicles has
begun to tell through symptoms like cough,
headache, nausea, irritation of eyes, various
bronchial and visibility problems. The main
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pollutants emitted from automobiles are
hydrocarbons, lead/benzene, carbon
monoxide, sulphur dioxide, nitrogen dioxide
and particulate matter [1].

The other factors of vehicular pollution
in the urban areas are two-stroke engines,
poor fuel quality, old vehicles, inadequate
maintenance, congested traffic, poor road
condition and old automotive technologies [2].

There are several ways to reduce vehicular
emissions practically. Some of the ways for
reducing them are like burning fewer fuels,
burning cleaner fuel, etc., but these methods
involve hardships to the human race but
beneficial for the environment.

Nan particles as a fuel additive are
emerging owing to its high surface area to
volume ratio, oxidation capacity, and thermal
conductivity when dispersed in any base fuel.
These nanoparticles doped improve properties
of fuel and promote complete combustion that
improves the performance of the engine as
well as reduces exhaust emissions. Addition of
the nano additives to diesel fuel causes a
decrease in particulate emissions, decrease in
the oxidation temperature and increase in NOx
emission [3, 4]

Sajith V (2010) observed the addition of
aluminium oxide reduces Brake Specific Fuel
Consumption (BSFC), because of the presence
of aluminum oxide oxidizes carbon deposit
from engine cylinder wall leading to a smooth
and better engine performances were
observed with appreciable reduction of
hydrocarbon and NOx emission levels due to
the boost of high oxygen concentration when
Al203 - diesel blends compared with the neat
diesel [5].

Swaminathan M.R (2013) studied that
brake thermal efficiency was increased
marginally by 4% from the conventional diesel
fuel with the addition of MnO and CuO. Also,
there was a significant reduction was observed
in HC, CO and NOx emission with MnO+diesel
and CuO+diesel. In addition, performance with
MnO+diesel was slightly better than
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CuO+diesel for its Van der Waals bonding of
molecules with oxygen [6].

TayfunOzgur (2015) has studied the
effect of NOx emissions on diesel-fuelled
compression ignition engine with different
nanoparticle additives like aluminium oxide
(Al203), magnesium oxide (Mg0), titanium
oxide (TiO2), zinc oxide (ZnO), silicon oxide
(Si02), Iron oxide (Fez203), nickel oxide (NiO),
nickel-iron oxide (NiFeO4) and also the nickel-
zinc iron oxide (Zn0.5Ni0.5Fe204) [7].

Sunilkumar T (2017) studied that
improvement in the calorific value, reduction
in flashpoint, higher enhancement in the Brake
Thermal Efficiency (BTE) and reduction in the
harmful pollutants for the blend of graphene
nanoparticles due to the incorporation of
graphene nanoparticles give more surface area
for reactivity and having higher thermal
conductivity were observed [8].

Krinal N Gajera (2018) has done a
review study on the effects of addition of
various nanoparticles on performance and
emission properties of compression ignition
engine with diesel blends as a fuel [9].

With a huge number of references from
numerous journals, concludes that many
chemical nanoparticles were wused for
improving the engine performance, and
exhaust emissions. When diesel is doped with
oxide nanoparticles like Aluminium oxide,
magnesium oxide, and silicon oxide, they
exhibit many disadvantages equal to
advantages but when Cerium Oxide chemical
nanoparticle is blended with diesel, they
exhibit more advantages with very few
disadvantages only. The objective of the
present study is to prepare the cerium oxide
nanoparticle from the sol-gel process doped
with neat diesel and investigate the
performance and emission characteristics of a
naturally aspirated DI-CI engine.
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2. Preparation of Test Fuels
2.1. Preparation of cerium
nanoparticle synthesis

oxide

There are several instruments and
devices which are used for the synthesis of
nanoparticles by sol-gel method. The cerium
oxide nanoparticles are obtained from
precursors of cerium nitrate hex hydrate and
sodium hydroxide [5].

The systematic
synthesis of cerium
explained as follows

procedure of the
nanoparticles are

[.  0.1M of cerium nitrate hex hydrate and
0.3M of sodium hydroxide is weighed
using a digital balance of accuracy 1 mg.

II.  Prepare 1 liter of double distilled water
and add one 0.1M of cerium nitrate hex
hydrate in it.

[II. Place the beaker containing double
distilled water along with cerium
nitrate hex hydrate in a magnetic
stirrer.

IV.  Add 0.3M of sodium hydroxide pellet by
a pellet in double-distilled water in
order to maintain the pH level of 8.

V.  After two hours of constant stirring at
1000 rpm and constant heating at 80°C,
the solution is kept to cool down.

VL.  Then the solution is kept in a centrifuge
for enabling purity in the final product.

VII.  The gel obtained is then heated in a hot
air oven at 80°C to take away the
moisture content in the gel. The powder
is again heated in a muffle furnace at
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270°C for 3-4 hours for chemical
stability and the cerium oxide
nanoparticles are obtained.

3. Fuel Preparation

Ultrasonicator is a device used for
uniform dispersing nanoparticles in diesel. In a
beaker, one liter of diesel is taken and then
lgram of cerium oxide nanoparticles is added.
After the addition of cerium oxide
nanoparticles, it is allowed into a mechanical
homogenizer apparatus where it is agitated for
about 30 minutes in an ultrasonic vibrator
making uniform dispersion. It is always taken
in care, shaken well before use because maybe
settling down the excess of nanoparticles on
the solution.

2.2 Fuel Properties

The fuel properties of prepared fuel
blends are compared with diesel based on
viscosity, calorific value, density, flash point,
and fire point. The fuel properties are
presented in table 1.

3. Experimental Setup and Procedure

A stationary naturally aspirated, single-
cylinder, four-stroke, 3.7 (5 HP), water-cooled,
variable compression ratio, [-CI engine
coupled with data acquisition system was used
in this experimental investigation.

Table 1. Fuel properties of samples

e Diesel Diesel + Diesel + 7.5 Diesel + 10 Diesel + 15
5ppm CeO2 ppm CeO2 ppm CeO2 ppm CeO2
Ki“emj(t)ifc‘iicssct‘;suy a5 2.7 2.18 2.64 3.12
Calorific value(M]J/Kg) | 43.8 43.6 43.2 43.2 43.1
Density (Kg/L) 0.832 0.831 0.818 0.810 0.807
Flash point(°c) 56 58 58 59 61
Fire Point(°c) 60 61 62 62 64
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Figure. 1 Schematic representation of VCRDI-CI engine
The Schematic representation of nanoparticles show a major increase in BTE

VCRDI-CI engine is shown in Figure 1. The
experiments were conducted under four
different part-load and full load conditions of 0
kW, 0.78 kW, 1.45 kW, 2.84 kW, and 3.49 kW
respectively using eddy current dynamometer
maintained at a constant speed of 1500rpm.
The exhaust emissions characteristics like CO,
UHC, CO2, NOx and Smole levels were measure
using AVL-444 DI gas analyzer and AVL 437
Smoke meter. The engine was tested at each
load conditions with diesel, diesel doped with
cerium oxide nanoparticles of different
proportions of 5ppm, 7.5 ppm, 10 ppm, 15
ppm respectively.

4. Results and Discussion

4.1. Brake Thermal Efficiency (BTE)

The variations of brake power Vs Brake
Thermal Efficiency (BTE) with neat diesel,
diesel doped with cerium oxide nanoparticles
of different proportions of 5ppm, 7.5 ppm, 10
ppm, 15 ppm are shown in Figure 2. The brake
thermal efficiency is a function of the engine
factor, which indicates how capably the fuel
energy is converted into mechanical output.
The brake thermal efficiency increases with
increase in loads for all tested fuels. It is seen
from the graph that diesel doped with

when compared with neat diesel.

It is seen that the diesel doped with 10
ppm cerium oxide nanoparticles shows an
increase in 3.6% BTE compared with neat
diesel. Diesel doped with 10 ppm cerium oxide
nanoparticles is regarded as the best optimum
one. The brake thermal efficiency of the diesel
doped with nanoparticles is increased due to
cerium oxide is rich in oxygen and have better
spray characteristics combined with the
higher surface to volume ratio allows more
amount of fuel to react with air to enhance the
brake thermal efficiency, good spray
properties, lower viscosity, and optimum
calorific value. Other reasons were found to be
the nano doped giving rise to high calorific
value. [10, 11].

30 4

25 1

20 4
H Diesel

15 M Diesel+C5

M Diesel+C7.5

10 4 W Diesel + C10

5 | m Diesel+C15

Brake Thermal efficiency (%)

0
0 0.78 145 215 284 349
Brake Power (kW)

Figure.2 Variation of Brake power Vs Brake
Thermal Efficiency
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4.2 Fuel Consumption

The variations of Brake Power Vs fuel
consumption with neat diesel, diesel doped
with cerium oxide nanoparticles of different
proportions of 5ppm, 7.5 ppm, 10 ppm, 15
ppm are shown in Figure 3.
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Figure.3 Variation of Brake power Vs Fuel
consumption

It is seen from the above graph that fuel
consumption of diesel doped with cerium
oxide nanoparticles of different molar mass is
less when compared to diesel. This indicates
the complete combustion of fuel due to the
high oxygen catalytic boosting nature of
cerium oxide nanoparticles [12].

It is found that fuel consumption is
reduced by about 3.63% for diesel doped with
cerium oxide nanoparticles of molar
concentration 10 ppm. This proves that cerium
oxide nanoparticles are having high oxygen
boosting capacity that allows for complete
combustion of the fuel, giving rise to less usage
of fuel [13].

Nevertheless, the molar concentration
of 10 ppm shows best and comparatively low
fuel consumption.

4.3 Carbon Monoxide (CO)

The variations of Brake Power Vs
carbon monoxide emission from the fuels such
as neat diesel, diesel doped with cerium oxide
nanoparticles of different proportions of
S5ppm, 7.5 ppm, 10 ppm, 15 ppm are shown in
Figure 4.
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Figure.4 Variation of Brake Power Vs
Carbon Monoxide emission

Carbon monoxide is produced from the
partial oxidation of carbon-containing
compounds. Generally, in the combustion
process, carbon dioxide is formed after
combustion. However, when there is not
enough oxygen for the combustion process,
carbon monoxide is formed and that is said to
be incomplete combustion [14].

From the graph, it is seen that neat
diesel produces more carbon monoxide and
the diesel doped with cerium oxide
nanoparticles of different molar concentration
were comparatively lower to neat diesel due to
the oxygen boosting catalytic nature of the
cerium oxide particles. This may be due to high
viscosity and slighter increase in the value of
specific gravity of the neat diesel [15].

The CO emission level of nano diesel is
found to be decreased by 9.11% due to the
complete combustion. It also has a higher
surface area to volume ratio that allows more
amount of air to react with air and with the
lean mixture, thus reducing the carbon
monoxide emission.

Thus, from the above graph, diesel
doped with cerium oxide nanoparticle of molar
concentration 10 ppm is emitted very less
percent of carbon monoxide compared to
other nanoblend concentration.

4.4 Unburned Hydrocarbon (UHC)

The variations of Brake Power Vs
Unburned hydrocarbon emission from the
fuels such as neat diesel, diesel doped with
cerium oxide nanoparticles of different
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proportions of 5ppm, 7.5 ppm, 10 ppm, 15
ppm are shown in Figure 5.
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Figure. 5 Variation of Brake Power Vs
Unburned hydrocarbon

It is seen from the graph that
hydrocarbon emission of the diesel doped with
cerium oxide nanoparticles of different molar
concentration are lower in partial load, but
increase at higher load. This is due to the
availability of relatively less oxygen for the
reactor when more fuel is injected into the
cylinder at higher loads.

It is seen that the diesel doped with
cerium oxide nanoparticles of molar
concentration 5 ppm and 15 ppm are closer to
neat diesel but in a decreased rate. This is
because of the fact that the cetane number of
diesel doped with nanoparticles is higher than
that of neat diesel. The effects of a shorter
delay period combined with oxygen boosting
catalytic nanoparticles result in better
combustion simultaneously reducing the HC
emissions [13]. Hydrocarbon emission for
diesel doped with cerium oxide nanoparticles
of molar concentration 10 ppm is decreased by
6.3% at the maximum peak load. This is
completely due to the perfect mixing of fuel
with air and increased oxidation properties
and high surface to volume ratio [15].

4.5 Carbon dioxide (COz)

The variations of Brake Power Vs
carbon dioxide emission from the fuels such as
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neat diesel, diesel doped with cerium oxide
nanoparticles of different proportions of
S5ppm, 7.5 ppm, 10 ppm, 15 ppm are shown in
Figure 6.
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Figure.6 Variation of Brake power Vs
Carbon dioxide

It is seen from the graph that CO:
emission is increased steadily with the
increase in load for neat diesel. It is also
observed from the experimental values that
carbon dioxide emissions were low for neat
diesel when compared with diesel doped with
cerium oxide nanoparticles of higher molar
concentration due to complete and sometimes-
excess combustion.

It is also noted that carbon dioxide
emission of diesel blended with cerium oxide
nanoparticles of molar concentration 10 ppm
is decreased by 3.12% when compared with
neat diesel. All nano blended fuels show very
close values to neat diesel due to its lower
carbon content and have a lower elemental
carbon to hydrogen ratio than diesel fuel [16].

4.6 Oxides of Nitrogen (NOx)

The variations of Brake power Vs
Oxides of nitrogen (NOx) emission from the
fuels such as neat diesel, diesel blended with
cerium oxide nanoparticles of different
proportions of 5ppm, 7.5 ppm, 10 ppm, 15
ppm are shown in Figure 7.
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NOx formation is fully dependent on the
combustion temperature varies linearly with
its increasing load. As the load increases, the
overall fuel-air ratio increases and then the
temperature increases in the combustion
chamber that leads to NOx emission.

100 4
80
60 - H Diesel

M Diesel+C5
40 4 M Diesel+C7.5
M Diesel+ C10

Smoke Density (HSU)

m Diesel+ C15

0 073 145 217 2.84 35
Brake Power (kW)

Figure.7 Variation of Brake Power Vs
Oxides of nitrogen (NOx)

It is seen from the graph that neat
diesel has lower NOx emissions compared to
the diesel blended with cerium oxide
nanoparticles of different molar concentration
due to the increase in combustion temperature
whereas there is an increase in the amount of
fuel burned with the load. NOx emission in
diesel blended with C15 is higher due to excess
oxygen boosting catalytic nature beyond a
limit, the high viscosity that gives poor
atomization and lowers combustion
temperature [17].

It is seen from the graph that at high
load, the NOx emission is increased because of
faster-premixed combustion result for an
increase  in-cylinder  temperature. The
minimum NOx emission is detected for neat
diesel at low load conditions.

The NOx of nano-blended diesel is
higher due to its oxygen boosting catalytic
nature supporting the complete combustion of
the fuel and increases the combustion
chamber temperature simultaneously
increasing the NOx emission.

Thus, the increase in NOx emission for
diesel  blended with  cerium oxide
nanoparticles of molar concentration 10 ppm
by 9.31% compared with neat diesel.

R. Prakash et.al/2019

4.7 Smoke

The variations of Brake Power Vs
smoke emission from the fuels such as neat
diesel, diesel blended with cerium oxide
nanoparticles of different proportions of
S5ppm, 7.5 ppm, 10 ppm, 15 ppm are shown in
Figureure 8.
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Figure.8 Variation of Brake power Vs
Smoke (HSU)

It is seen clearly from the graph that
smoke increases with an increase in load; also
neat diesel emits more smoke when compared
with diesel blended with cerium oxide
nanoparticles of different molar concentration.
This is due to the low viscosity of diesel as well
as oxygen present in the molecules decrease
the rate of combustion by increasing the
smoke level when compared with nano-
blended fuels [18].

The smoke emission is mainly due to
the higher viscosity and lower volatility that
results in poor mixture formation in which
neat diesel was used in DI-CI engine. The
smoke emissions of nano additive fuel blends
are lower than the neat diesel due to the
shortened ignition delay, higher surface to
volume ratio that results in perfect mixture
formation, quick evaporation rate and
improved ignition characteristics of nano
additives [19].

The smoke level from diesel blended
with cerium oxide nanoparticles of molar
concentration 10 ppm has decreased by 12.6%
when compared with the smoke emissions of
neat diesel.
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5. Conclusion

The fuel properties, performance and
emission characteristics of diesel doped with
cerium oxide nanoparticles of different molar
concentration like 5 ppm, 7.5 ppm, 10 ppm,
and 15 ppm were investigated in a single
cylinder, constant speed, naturally aspirated,
variable compression ratio, DI-CI engine.
Based on the experimental results, the
following conclusions were made.

» Diesel doped with nanoparticles shows
slightly reduced -calorific value than
neat diesel that helps in reducing
unwanted combustion.

» From the testing of fuel properties, it is
seen that the flash and fire point of the
diesel doped with nanoparticles
increases to assure safety for using the
fuel.

» The nanoparticle doped with diesel C10
ppm lead to good improvement in
brake thermal efficiency about 3.6%
lowering fuel consumption by 3.63%.

» According to the experimental
investigation of emission
characteristics, the carbon monoxide
emission is reduced by 9.11% in diesel
doped C10 ppm due to complete
combustion.

» This investigation also concluded that
hydrocarbon emission from diesel
doped with C10 ppm also showed a
decrease in 6.3% due to high oxygen
boosting nature.

» This study gave a settlement for diesel
blended with C10 for carbon dioxide
emission by 3.12% by enhancing
combustion.

» Smoke emission has greatly reduced in
this experimental investigation by
12.6% compared to neat diesel.

» Thus diesel blended with cerium oxide
nanoparticles of molar concentration
10 ppm (C10) is well suited as a fuel
additive for the diesel engine and acts
environmentally friendly.
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