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ABSTRACT

An experimental investigations carried on diesel engine using Carbon Multiwalled Nanotubes (CMN)
added with Karanja oil Methyl ester and diesel blend. The CMN was mixed with biodiesel blend in mass fraction of
20, 40, 60, 80 and 100 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 emissions parameters to evaluate
the behaviour of the diesel engine running on the base fuel and CMN blended biodiesel. The investigation were
carried out using an experimental set-up consisting of a single-cylinder diesel engine coupled with an eddy current
dynamometer loading device, an MRU 1600s five gas analyzer, a Hartridge smoke meter, and a data-acquisition
system comprising a high pressure piezoelectric pressure sensor and a crank angle encoder. All the experiments
were conducted at a constant speed of 1500 rpm. It was observed that CMN blend fuel exhibit significant reduction
in specific fuel consumption and exhaust emission at all operating loads. The results also showed considerable
enhancement in brake thermal efficiency and heat release rate due to influence of CMN addition in biodiesel blend.

Keywords: Carbon Multiwalled Nanotubes (CMN), Karanja oil Methyl ester, mechanical homogenizer,
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INTRODUCTION

Diesel engine is indispensable in today's modem life. But they contributed to the atmospheric pollution
substantially. A solution for reducing the environmental pollution and energy shortage can be envisaged by a
paradigm shift from fossil fuel to renewable energy sources. Vegetable oil can be an important alternative to diesel
oil, since they are renewable and can be mass produced easily in rural areas. The inventor of diesel engine Rudolf
diesel, confidently had predicted that the plant based oils world by widely used to operate diesel engine (Ghojel,
2006). Several researchers have contributed their efforts on fuel modification techniques in which some chemical
reagents are incorporated along with the conventional diesel fuel. One of the fuel modification techniques is the
water—diesel emulsion, which comprises diesel, water, and surfactant in specific proportions. The water in the
emulsion is suspended in the fuel by a suitable surfactant and does not allow the water to come into direct contact
with the engine surface (Sajith, 2010). Diesel engine plays a vital and indispensable role in today modem life. At
the same time they contribute to atmospheric pollution substantially.

A solution for reducing the environmental pollution and energy shortage shall be carefully planned
graduated shift of our country usage from fossil fuel to the renewable energy sources. In addition to conducted an
experiment in single-cylinder diesel engine by dosing ceria nanoparticles (20-80 ppm) to the jatropha biodiesel and
found a significant reduction in NOx and HC levels, and improvement in the brake thermal efficiency (Wen, 2010).
The global warming is caused of emissions like carbon monoxide (CO,), sulphur dioxide (SO2) and nitrogen
oxides (NOx). In power system of using petroleum fuels, these components are emitted through the combustion
process. Many researchers have reported on various nano—particles for diesel engine applications. In view of this,
many new approaches and advances in nano-technology are being directed to use nano-fuel as a potential
secondary energy carrier (Rossi, 2007). Concerning environmental damage the transport sector has a clear
responsibility. Its part in global warming potential has increased from year by year and now bigger than those of
the domestic and industrial sectors, while it highly constitutes the total emissions of this Pollution type. Nano
particle blended fuels are known to exhibit significantly different thermo physical properties when compared to
base fuels.

At nano meters scale the surface area to volume ratio of the particle increases considerably and this enables
a larger contact surface area during rapid oxidation process (Marquis, 2005). Diesel engines are mainly used in
many fields, including electric production, transport of passenger and cargo, industrial and agricultural activities.
The choice of vegetable oil as engine fuel naturally depends upon the local conditions prevalent availability of a
particular vegetable oil in excess amount (Sadhik, 2009). There are various oils which are being considered
worldwide for use in the engines, these include jatropha, Karanja oil Methyl ester, and Rice bran oil. Sunflower oil,
Soyabean oil, Papaya seed oil, Madhuca latifolia oil, Jatropha oil and etc. From previous studies it is evident that
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these are various problems associated with vegetable oil, being used as fuel in C.I. Engines. Performance and the
emission characteristics of a diesel engine using CNT blended diesel. They observed a substantial enhancement in
the brake thermal efficiency and reduced harmful pollutants compared to that of neat diesel. This is assumed to be
due to better combustion.

The same team have critically reviewed the applications of nano-particle/ nano-fluid in diesel engines and
concluded that adding suitable proportion of nano particles /CNT to the conventional fuels such as diesel will
reduce the evaporation time, which in turn favours shorter ignition delay (Sun, 2007) .There are mainly caused by
the high viscosity value of the vegetable oil. This higher viscosity is due to free fatty acid present in the oil. This
free fatty acid is due to large molecular mass and chemical structure of vegetable oil, which in turn leads to
problem in pumping, combustion and atomization on C.I engines therefore it is necessary to reduce the free fatty
acid and viscosity of vegetable oil to make it suitable as an alternative fuel for diesel engine. For instance, due to
size-dependent properties, energetic materials containing nano-particles can release more than twice the energy of
even the best molecular explosives (Lakuta, 2004). The various methods which have been en vogue to use
vegetable oil efficiently. In this paper, transesterification process has been taken as a process for conversion of
vegetable oil to biodiesel. Before transesterification process, the sum amount of free fatty acid present in the oil has
been estimated in the presence of mono glyeerides and triglycerides (Lai SL, 1996).In this process the triglycerides
in the vegetable oil are converted to their mono esters by reacting it with alcohol in the presence of a Potassium
hydroxide (KOH) as a catalyst. Liquid fuels because of their high energy content per unit volume and ease of
handling and distribution are better suited compared to solid and gaseous fuels.

The prime liquid alternative fuels are alcohols and vegetable oils. Both alcohols and vegetable oils are
derived from renewable biomass sources. Alcohols due to their low cetane number are not suitable for direct use in
diesel engines. Several studies have reported lower melting points and lower heats of fusion for decreasing sizes of
metal particles. The European commission has specified first political targets for the sector of road traffic, laying
down by the year 2020, alternate fuels should replace 20% of conventional fuels. Probably in this century, it is
believed that crude oil and petroleum products will become very scarce and costly to find and produce. Gasoline
and diesel will become scarce and most costly. Alternative fuel technology, availability, and use must and will
become more common in the forth-coming decades. Another reason for motivating the development of alternate
fuels for the 1C engine is concern over the emission problems of gasoline engines. Lot of efforts has gone into for
achieving the net improvements in cleaning up automobile exhaust (K.J. Baurngard, 1985).

Another reason for alternate fuel development is the fact that a large percentage of crude oil must be
imported forms other countries. Most alternate fuels are very costly at present. This is often because of the quantity
used. Many of these fuels will cost much less if the amount of their usage gets to the same order of magnitude as
gasoline. The cost of manufacturing, distribution, and marketing all would be less. Another problem with alternate
fuels is the lack of distribution points where the fuel is available to the public (Miller, 2010). Increasing the
possibility of producing CNTs during internal combustion. For this reason and because diesel engines are so
common, it is important to acknowledge the existence of CNTs among diesel particles and further work should be
done to better understand their origin and prevalence in diesel emissions (Legaly, 2012) . Transportation fuels that
can be derived from non-crude oil resources include methanol, ethanol, and natural gas, liquid petroleum gas
(LPG], hydrogen, and hydrocarbons (from coal and oil shale). Alcohol is made from renewable resources like
biomass from locally grown crops and even waste products such as waste paper, grass and tree trimmings etc.
Alcohol, is an alternative transportation fuel since it has properties, which would allow its use in existing engines
with minor hardware modifications. Alcohols have higher octane number than gasoline.

WHO reported CNTs from spark-ignited engines. It is likely that Fe from mechanical wear and the metal
additive package from lube oil may play a role as catalysts to form such nano tubes (Lam, 2006). A fuel with a
higher octane number can endure higher compression ratios before engine starts knocking, thus giving engine an
ability to deliver more power efficiently and economically. Alcohol burns cleaner than regular gasoline and
produce lesser carbon monoxide, HC and oxides of nitrogen. We do not exclude the possibility of metals from lube
oil playing a role as catalysts to form nanotubes. It is notable that other researchers have synthesized single-walled
CNTs from diesel particles (Merchan, 2002). Alcohol has higher heat of vaporization; therefore, it reduces the
peak temperature inside the combustion chamber leading to lower NO* emissions and increased engine power.
However, the aldehyde emissions go up significantly. Aldehydes play an important role m formation of
photochemical smog.)

Carbon nano tube: Multi-walled carbon nanotubes (MWNTS) consist of multiple rolled layers of graphene.
MWNTSs have not been well-defined due to their structural complexity and variety when compared to SWNTSs.
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Nonetheless, MWNTSs exhibit advantages over SWNTS, such as ease of mass production, low product cost per unit,
and enhanced thermal and chemical stability. In general, the electrical and mechanical properties of SWNTSs can
change when functionalized, due to the structural defects occurred by C=C bond breakages during chemical
processes. However, intrinsic properties of carbon nanotubes can be preserved by the surface modification of
MWNTSs, where the outer wall of MWNTSs is exposed to chemical modifiers. Multi-walled nanotubes (MWNT)
consist of multiple rolled layers (concentric tubes) of graphene. There are two models that can be used to describe
the structures of multi-walled nanotubes. In the Russian Doll model, sheets of graphite are arranged in concentric
cylinders, e.g., a (0,8) single-walled nanotube (SWNT) within a larger (0,17) single-walled nanotube. Even though
there was an intriguing observation of carbon nano tubes in a diffusion flame without a metal catalyst it is widely
accepted that catalytic particles play a key role in the growth process of CNTs. For the case of normal (undoped)
diesel combustion, it is possible that the source of catalytic metals could be Fe from mechanical wear and/or metals
derived from lube oil additives (Skillas, 2000). In the Parchment model, a single sheet of graphite is rolled in
around itself, resembling a scroll of parchment or a rolled newspaper. The interlayer distance in multi-walled
nanotubes is close to the distance between graphene layers in graphite.

The Russian Doll structure is observed more commonly. Its individual shells can be described as SWNTSs,
which can be metallic or semiconducting. Because of statistical probability and restrictions on the relative
diameters of the individual tubes, one of the shells, and thus the whole MWNT, is usually a zero-gap metal (S.
Kalligeros,, 2003) . Carbon nanotubes (CNTSs) have been studied extensively during the last decade because of their
unique structure, properties, and potential applications. A variety of techniques have been developed to synthesize
CNTs, including electric arc, laser ablation flow reactor. Whereas, biodiesel derived from vegetable oil serves as
good alternative fuel for compression ignition engines which can be mixed with diesel to reduce emissions without
affecting the engine efficiency.

Contrastingly, biodiesel emits exorbitant NOx emissions owing to their high oxygen content. To reduce the
harmful emissions emitted from both fossil fuels and bio fuels, various techniques such as exhaust gas recirculation
and engine design modifications have been adopted. But those techniques that are used to reduce NOx will lead to
enhance smoke emissions, and vice versa. In order to reduce both NOx and smoke emissions from the diesel
engine, emulsification technique is widely adopted without affecting the performance characteristics of the
compression ignition engine conducted an experiment in a four cylinder Mercedes light duty diesel engine using
soybean biodiesel emulsion fuel with EGR technique and observed a high premixed combustion resulting enhanced
heat release rate (as a result of prolonged ignition delay) for the biodiesel emulsion fuels compared to that of neat
biodiesel operation. In addition, they have also ascertained a reduction in the NOx and PM emissions for the
biodiesel emulsion fuel compared to that of neat biodiesel operation.

Figure.1.Multi walled carbon nano tube front View

Transesterification process: Tranesterification is the most common method to produce biodiesel, which refers to a
catalyzed chemical reaction involving vegetable oil, and an alcohol to yield fatty acid alkyl esters and glycerol i.e.
crude glycerine . The process of ‘transesterification’ is sometimes named methanolysis or alcoholysis. This method
is used to convert the corn oil into Karanja oil methyl ester. After transesterification, viscosity of Karanja oil
methyl esters (KOME) is reduced by 75-85% of the original oil value. It is also called fatty acid methyl esters,
which are therefore products of transesterification of Karanja oil and fats with methyl alcohol in the presence of a
KOH catalyst. During the reaction, high viscosity oil reacts with methanol in the presence of a catalyst KOH to
form an ester by replacing glycerol of triglycerides with a short chain alcohol.

1. Triglycerides (Karanja oil) + Methanol Karanja oil methyl ester + Glycerol

2. Methanol/methyl alcohol is preferred for KOME preparation by using transesterification as it provides better
separation of methyl ester and crude glycerin thus facilitating the post-reaction steps of obtaining biodiesel.
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EXPERIMENTAL SETUP

Engine: A single cylinder water-cooled, four-stroke direct injection compression ignition engine with a
compression ratio of 17.5: 1, developing 5.2 kW at 1500 rpm was used for this study. The overall view of the
experimental setup is shown in figure 6.1. The engine was always run at its rated speed. The operating pressure of
the nozzle was set at the rated value of 200 kg/cm". The governor of the engine was used to control the engine
speed. The engine had a combustion chamber with overhead valves operated through push rods. Cooling of the
engine was accomplished by supplying water through the jackets on the engine block and cylinder head. The
engine is coupled with eddy current dynamometer.
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Figure.2.Schematic of Experimental setup Figure.3.Experimental set up
Table.1 Specification of the engine
Engine Make Kirloskar AV-1
Type Vertical, Single cylinder, water cooled,
Max. power 3.7 KW at 1500 rpm
Displacement 550 CC
Bore x Stroke 80 x 110 mm
Compression ratio 16.5:1
Fuel injection timing 21deg BTDC
Loading device Eddy current dynamometer

Experimental procedure: The engine was allowed to run with sole diesel at a constant speed of 1500 rpm for
nearly 10 minutes to attain the steady state conditions at the lowest possible load. During the investigation the
temperature of the lubricating oil and temperature of the engine cooling water were held constant to eliminate their
influence on the results. Then the following observations were made twice for concordance:

1. Time for 10cc of fuel consumption, sec

2. Exhaust gas temperature, °C

3. Measurement of smoke using AVL smoke meter
4. Measurement of NOx using AVL di-gas analyzer
RESULTS AND DISCUSSION

The Figure.4.shows the variations of Brake power with Specific fuel consumption. 100 ppm Carbon
Multiwalled Nanotubes (CMN) has the highest specific fuel consumption followed by 80 ppm CMN, 60 ppm CMN
40 ppm, 20 ppm and Diesel. Figure.5.shows the variation of Brake power with Brake thermal efficiency. 75 ppm
CMN has the most Brake thermal efficiency which is then followed by 25 ppm CMN and 50 ppm CMN and
Diesel respectively. Figure.6.shows the variations of Brake power with Exhaust gas temperature. 100ppm CMN has
the maximum Exhaust gas temperature which is followed by 80 ppm CMN, Diesel, 60 ppm CMN, 40 ppm CMN,
and 20 ppm CMN respectively. Figure.7.shows Brake power with Smoke density. Smoke density for neat Diesel is
highest. Whereas the blends have lower smoke density. 75 ppm CMN has the lowest smoke density.
Figure.8.shows the variation of Brake Power with Oxides of Nitrogen 100 ppm CMN has higher NOx emission
compared to diesel, 80 ppm CMN, 60 ppm, 40 ppm and 50 ppm CMN.

Figure 9 shows the variation of Brake Power with Carbon Monoxide (CO) emission. 100 ppm CMN has
the highest CO emission followed by 60 ppm CMN. Diesel has lower CO emission followed by 80ppm CMN, 40
ppm and 20 ppm CMN. the mixture remains lean which produced lesser heat resulting in lower flame temperature,
and hence there was no significant difference in the CO emissions among the tested fuels. Figure 10. shows the
variation of Hydrocarbon emission with Brake Power. Diesel has the highest Hydrocarbon emission followed by 60
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ppm CMN. 100 ppm CMN has lower Hydrocarbon emission followed by 80 ppm CMN, 40 ppm CMN and 20 ppm
CMN. Figure 11. Shows the variation of Carbon dioxide with Brake power. The 100 ppm CMN biodiesel followed
the same trend of CO, emission which was higher than in case of diesel , 80 PPM, 60 ppm,40 ppm,20 ppm CMN.
As expected, it was noted that the Carbon dioxide emission increases with increase in load. The Carbon dioxide
emission is found to increase with increase in the concentration of biodiesel blends as the fuel.
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CONCLUSION

The combustion and emission characteristics of single cylinder compression ignition engine fuelled with
Karanja oil methyl ester and its blends have been analyzed and compared to the standard diesel fuel. Based on the
experimental results, the following conclusions are obtained.
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e The brake thermal efficiency of 75 ppm CMN of Karanja oil methyl ester blends is higher than that of diesel

at all load conditions.

The specific fuel consumption of 20 ppm CMN biodiesel was low when compared to all other CMN blends.

20 ppm CMN of CO; emissions were almost lower compared to other CMN blends.l.

The smoke density and NO of biodiesel CMN were always higher than the standard diesel.

The CO emissions at different brake power were found to be higher for 100 ppm CMN biodiesel compared to

Diesel and other Karanja oil methyl ester blends.

e The HC emissions at different brake power were found to be higher for diesel compared to 80 ppm CMN
biodiesel.

e Engine tests with the modified biodiesel at different dosing levels (20, 40, 60, 80,100 ppm) of the additive
showed an improvements in the efficiency of the engine. Emission levels of hydrocarbon and NOXx are
appreciably reduced with the addition of CMN. It is understood that CMN being thermally stable promotes the
oxidation of hydrocarbon and reduction of nitrogen oxide, thus acting as an effective catalyst, when added in
the nano particle form. Experimental work is underway on the effect of parameters such as the preparation time
and the nano particle size, apart from the dosing level, on the performance of the fuels modified with CMN.
Efforts are also being made to obtain the optimum combinations of these parameters for the best performance
of the fuel.
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