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Abstract

The increase of emissions from fuel causes environmental pollution and several health issues.
In this experimental exploration Mahua methyl ester with SiO, nano additive diesel blends
characteristics of compression ignition (CI) engine were examined to reduce pollution which
aligns with sustainable development goals like SDG 3: Good Health and Well-being, SDG 7:
Affordable and Clean Energy, and SDG 13: Climate Action. Based upon the previous literature,
up to 20% mahua methyl ester fuel blends without nano additives are suitable for CI engines
without disturbing the engine features. In this paper SiO. nano additive dopped into the B40
(40% mahua biodiesel- diesel) blended at the rate of 50 ppm for developing the test fuels. The
SiO2 nano additive blends improve the properties like viscosity, calorific value, and decrease
the flash point and fire point. The observation of results, 40 MEOM + 50 ppm dopped fuels,
improved the brake thermal efficiency (1%), the emissions like CO, HC, CO. and smoke are
slightly decreased and slightly increased NOx emissions. The combustion characteristics like
maximum pressure rise, heat release rate is increased (1%) compared to other fuel
combinations. The results are considered, a blend of 40 MEOM+ SiO2 50 ppm is the best blend
ratio.
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Introduction

In recent days, research on Internal Combustion (IC) engines for alternative fuels has been
growing due to rise in the environmental worries and conventional fuels price. (Sabarish et al.,
2018; Vijayakumar et al., 2015). Diesel locomotives are functioning under transient settings
with biodiesel fuel combinations the thermal efficiency of diesel locomotives is not
considerably affected when replacing diesel by biodiesel fuel both pure and blended. It is
decreasing in PM, HC and CO, and a growth in NOx emissions. The cause of NOx emission is
the inoculation process is marginally progressive with biodiesel (Lapuerta et al. 2008). Various
research on the decrease in pollution has been in progress on fuel additives to decrease harmful
emissions. Fuel properties are produced by spending some additives to improve combustion
efficiency and to reduction of pollutant emissions (Lissianski et al., 2011; Kasper et al., 1999).
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Nevertheless, in common, these metallic based additives have been practiced and analyzed to
determination of decreasing particulate emissions in the diesel engine. The additives reduction
the formation of particulates in cylinders and exhaust arrangements. In summation, the
additives boost the oxidation of particulate in diesel particulate filters. The particulate
emissions and oxidation temperature were reduced the diesel engine fueled with additive in
diesel fuel (Guru et al., 2002; Yang et al.,1998). Biodiesel —diesel blends used in a diesel
engine, the purpose for reducing three emissions (PM, smoke and CO) and increasing NOx
emission with biodiesel combinations was mainly due to the existence of oxygen in their
molecular structure (Arul Mozhi Selvan et al., 2009; Nabi et al., 2009; Karabektas et al., 2009).
Biodiesel with metal-based additives, fuel used in diesel engines exposed less emission features
compared to diesel fuel without additives (Park et al., 2006). Nanoparticles have an improving
effect on the emissions of biodiesel and its blends in Cl engines, as they can promote secondary
atomization and increase reaction area. By using nanoparticles as fuel additives, there is a
potential to improve the properties of biodiesel and address its shortcomings (Zheng et al.,
2024; Mikky et al., 2024).

The metallic-based additives were actual in reducing CO emissions. CO emissions with
Mn and Mg based additives are reduced by 16.35% and by 13.43%, respectively. CO2 and
Smoke is considerably compact with the additives. Thus, the emission of NOx was reduced by
using this metallic based additive compared with base diesel (Kannan et al.,2011; Ali Keskin
etal., 2011). The carbon monoxide, NOx and HC emissions are reduction with the role of nano
blends compared with diesel (Sadhik Basha et al.2009). The alumina nanoparticles mingled
water-diesel fuels used in diesel engines and analyzed under static conditions. It makes better
combustion characteristic of nanoparticles and significant decrease in the harmful NOx &
smoke as an outcome of improved fuel properties by incorporating the nanoparticles in the
water-diesel emulsion fuels (Metin Guru et al. 2010). The biodiesel blends reduced NOx
emissions more than Bio-Si nanoparticle blends (Jayabal, et al.2023). Magnesium oxide nano
additives are also employed in a sort of industrial bids (Ramadhas et al., 2005; Shaafi et al.,
2015). In this experimental study using SiOz2nano additive dopped with bio diesel-diesel
blended fuel in diesel engine for analysis the performance, emission characteristics.

Methodology

Mahua is known as Illupai maram in Tamil and Hippi in Kannada in India. It's grown up from
the dry lands. The seeds from the tree are known as an Indian butter tree. The Mahua oil is
purchased from local shops nearby Hosur, Tamil Nadu, and it is utilized as a fuel for diesel
engine with some chemical modifications by transesterification process. In this present
investigation is using SiO2 nano additives doped with 40MEOM fuel blends for testing the DI-
Cl engine. The nano powder is selected based on the dissolving capability of the nano additives
with the Mahua methyl ester- diesel blends and the characters of nano powder like purity,
atmospheric changes and toxic to human beings (Sadhik Basha et al. 2009). From those good
characters we have selected the SiOznano particles for the experimental investigations. Nano
additives were procured from M/s sigma-Aldrich, USA with the purity of 99.9% and the size
of <50nm. Nano SiO2powder mixed with Mahua methyl ester blend (4OMEOM) done with
Magnetic stirring process.

Characteristics of Test samples

The test sample characteristics of diesel, 20MEOM. 40 MEOM and 40 MEOM with SiO-
dopped nano additive fuel blends are compared with ASTM standards presented the Tablel. It
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was observed that nano additive Mahua methyl ester is close to properties of without additive
Mahua methyl ester. Fuel properties of 40 MEOM+50 ppm are almost nearer than diesel.

Table 1. Properties comparison of Diesel, 20 MEOM and SiO; additives fuel

Properties Diesel 20 40 40 ASTM
MEOM | MEOM | MEOM + SiO1 Standards for
50ppm biodiesel
Kinematic viscosit) 4.2 4.6 4.9 4.7 1.9-6.0
at 40°C (cSt)
Calorific value 43.4 42.5 41.1 42.0 40 min
(MJ/kg)
Density (kg/m®) 830 849 865 855 875 - 900
Flash point (°C) 56 62 71 64 130°
Fire point (°C) 68 70 79 73 65°

Experimental setup and Procedure

The engine experiments were carried out on a one-cylinder, 4 s, naturally aspirated, constant
speed, Cl engine. The photographic view of the engine setup is shown the Figure 1. The engine
had a bore diameter of 80 mm, stroke length of 110 mm and a maximum power of 3.7 kW. The
tests were carried out at a constant speed of 1500 rpm. Each test was repeated three times to
ensure the reproducibility of data.

" Figure 2. Experimental setup for the Cl engine.

The engine was first operated on diesel fuel with no loads for few minutes at rated speed
of 1500 rpm up to the cooling water and the lubrication oil temperature reaches 65°C. The
identical temperature was sustained through the testing with all the fuel modes. The basic line
parameters were obtained at 0%, 25%, 50%, 75%, and 100% of load on the engine with the
diesel fuel. The diesel fuel was changed with the different Mahua methyl ester- diesel blends
with nano additives and the test is steered by varying the loads in the same method. The nano
doped fuel does not necessitate any modification to the diesel engines. Hence, directly doped
nano additive is used for the test. The mass of the fuel consumption was dignified by using a
fuel tank fitted with the burette and a stopwatch.
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Results and Discussion

Brake Thermal Efficiency

Figure 2 shows the effect of brake thermal efficiency with different engine loads. It indicates
the ability to evaluate how efficient the energy in the fuel can be transformed into mechanical
output. Among the fuel blends with nano additives, 40 MEOM + 50 ppm has a determined
brake thermal efficiency of 30.8%. The brake thermal efficiency increased by 1% with the
addition of 50 ppm SiO2 nano additives compared with 40 MEOM (30.7%) fuel blends. This
is due to the high surface area and subsequently great chemical reactivity of the nano particles
lead to increase the combustion efficiency of the nano particle doped fuel blends.
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Figure 2. Effect of brake thermal efficiency with different engine loads

Nitrogen Oxide Emission

The effect of NOx emission with different engine loads is shown in figure 3. NOx
emissions are mainly dependent upon combustion temperature and the amount of oxygen.
The NOx emission dramatically increases by adding nano additives in the methyl ester
fuel blends. The NOx emissions of nano doped test fuels at maximum load are 912 ppm.
It is closer to 20 MEOM (910 ppm). It is owing to complete combustion fuel and greater
combustion temperature. It leads to higher NOx emission.
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Figure 3. Effect of NOx emissions with different engine loads
Smoke Emission
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Figure 4 shows the effect of smoke emissions with different engine loads. The smoke
emissions of nano doped test fuels at maximum load are 84.5 HSU. Reduced smoke
opacity is observed in the case of 40 MEOM + 50 ppm fuel blends. It’s closer to 20
MEOM (85 HSU) fuel blends. This could be attributed due to shorter ignition delay and
better combustion characteristics of nano additive fuel blends.
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Figure 5. Effect of smoke emissions with different engine loads

Combustion Analysis

To investigate the combustion characteristics of fuel blends with SiO2 nano additives, the
combustion pressure sensor and Crank Angle Encoder were used to analyze the combustion
characteristics. Figure 5 shows the effect of cylinder pressure with crank angle for fuel blends.
The peak pressure of diesel, 20 MEOM and 40 MEOM is 72.322, 72.114 and 71.659 bar
respectively. Whereas 40 MEOM + 50 ppm peak pressure is 71.859 bar. It clearly shows peak
pressure of 40 MEOM +50 ppm is closer than diesel and higher than 40 MEOM without
additive methyl ester combinations. This is owing to increased calorific value with doping of
nano additives in the biodiesel blends compared to 40 MEOM without additive blends. Another
reason is that nano particles have higher surface area to growths their chemical reactivity it
decreases the ignition delay compared to without additive fuel blends.
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Figure 6. Effect of cylinder pressure with crank angle for fuel blends
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Conclusions

Diesel is the most used fuel in the automobiles. If the emission of the diesel engine controlled
means the world will protect from greenhouse effect. So only we used Nano technology for
reduced emissions in internal combustion engines. The different engine characteristics of neat
diesel, 20 MEOM,40 MEOM with and without SiO2 nano additive fuel blends are studied. This
study found that the brake thermal efficiency of 40MEOM+50ppm fuel blend increased 1%
compared with other tested fuel blends. NOx emissions slightly increased by adding nano
additives with Mahua methyl ester fuel blends. The combustion characteristic like maximum
pressure rise is increased 1% compared to other fuel blends. From the experiment, 40 MEOM+
50 ppm SiO; additive fuel bends is the best blend ratio for compression ignition engine
compared to other fuel blends.
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