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ABSTRACT 

Utilization of biodiesel results in lower emissions of hydrocarbons, carbon mono oxide, and 

smoke. But with the use of biodiesel as fuel emission of Oxides of nitrogen increases along 

with this some performance parameters also deteriorated. In the present investigation, the fact 

has been used that, the magnetization of fuels containing hydrocarbon changes the chemical 

properties as well as orientation and arrangement of molecules of fuel. In this experimental 

investigation density and calorific values of biodiesel have been determined. In another setup 

of experimentation on a single-cylinder four-stroke diesel engine, observations are taken with 

diesel, biodiesel blend containing 20% biodiesel (BD20), and magnetized biodiesel 

(BD20+MF) as fuel. Results of this investigation show that, the magnetization of biodiesel is 

not only helpful in increasing performance parameters like brake specific fuel consumption 

and brake thermal efficiency but also it helps to control the emissions of carbon mono oxide, 

oxides of nitrogen, hydrocarbons, and smoke. Maintaining the magnetic field just before the 

entry of the combustion chamber on the fuel line is a little hard, due to the regular increase in 

temperature of the spot where magnets are kept. It is possible that, if the strength of the 

magnetic field is increased then, there may be further improvement in performance and engine 

parameters, as in this investigation only 4000 Gauss Magnetic field has been used.  
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INTRODUCTION 

At present time the fuel used for the internal combustion engine, mainly composed of 

hydrocarbon molecules (Wahab et al., 2017, Sahoo and Jain, 2019, Faris et al., 2012, Pramod 

Kumar et al. 2017). These hydrocarbon fuels are fossil in nature and the price of these fuels is 

increasing day by day. One of the reasons for the increasing price may be the depletion of 
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fossil fuel resources (Afzal et al., 2018). In this situation, we will have to look for some 

alternate fuel and at the same time higher performance rate with lower cost. Many efforts of 

research have been done in the search of alternate fuel and biodiesel is proving to be a great 

alternate source of energy in a diesel engine.  

Biodiesel is not only an alternate source of energy but also a green source of energy, because 

of lower emissions as compared to conventional fuel. Properties of biodiesel are not the same 

as that of petroleum fuel, despite that biodiesel can be used in form of blends with different 

percentages of biodiesel in a diesel engine without engine modification. With lower emission, 

the limitations of using biodiesel are lower performance parameters (Afzal et al., 2018). To 

improve performance parameters, there are various techniques used in the diesel engine. In this 

experimental study, the magnetization of biodiesel has been done to improve performance 

parameters just before entering the fuel in the combustion chamber. 

It is seen that the fuels used in internal combustion engines are in the form of liquid, and do not 

take part in combustion if they are not atomized. Each molecule is composed of a definite 

number of atoms comprising of the number of electrons and neutrons. These molecules always 

have properties of electric charges (Negative or Positive) and magnetic movement.  When fuel 

is fed to the combustion chamber, then the fuel molecules are neither blended properly with 

oxygen nor realigned. The fuel molecules, as well as chains of hydrocarbon, should be 

realigned with oxygen and ionized properly for better combustion of fuel. The ionization and 

realignment are achieved by the application of a magnetic field on the fuel line just before the 

entry of the combustion chamber. Due to magnetization of fuel structure of hydrocarbon 

molecules is converted from bundles to small groups having larger space to be interlocked with 

combustion oxygen and hence improving quality of combustion (Wahab et al., 2017, Sahoo 

and Jain, 2019, Faris et al., 2012, Pramod Kumar et al. 2017). According to Van Der Waal, the 

bond between hydrocarbon and oxygen becomes stronger due to the presence of a magnetic 

field (Wahab et al., 2017). Due to better combustion, the performance parameter like fuel 

consumption is reduced while emissions like carbon mono oxides, oxides of nitrogen, and 

hydrocarbon are reduced. Negative and positive charges of hydrogen atoms are due to electron 

and proton respectively and hydrogen atom has also a property of dipole moment. Hydrogen 

can be diamagnetic or paramagnetic depending on the rotation of the nucleus under the 

influence of the magnetic field. So hydrogen atomic orientation takes place in two isomeric 

forms, one is ortho and the other is para as shown in figure 1 (Wahab et al., 2017, Sahoo and 

Jain, 2019, Pramod Kumar et al. 2017). 
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Figure 1 Atomic Orientation (Wahab et al., 2017, Pramod Kumar et al. 2017). 

Anti-parallel rotation of nucleus spin is shown by para hydrogen while parallel rotation of 

nucleus spin is shown by ortho hydrogen as shown in figure 1 and figure 2.  

 

Figure 2 Ortho and Para Hydrogen (Barna and Lelea, 2017) 

Ortho hydrogen is in the state of higher energy while parahydrogen is in the state of lower 

energy. In thermal equilibrium at room temperature hydrogen is composed of 25% para 

hydrogen and 75% ortho hydrogen. The percentage of ortho hydrogen in the fuel atoms can be 
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increased by applying a magnetic field along the fuel line (Sahoo and Jain, 2019, Faris et al., 

2012, Pramod Kumar et al. 2017). 

 

Figure 3 Effect of Magnetization on Combustion Enthalpy (Wahab et al., 2017) 

A schematic diagram is shown in the figure 3 to show the effect of magnetization of fuel on 

combustion enthalpy. The free energy is unchanged because primary bonds present in the 

atoms have been broken already for building new bonds in the combustion process, thus 

increasing the enthalpy of combustion due to better quality of fuel and hence reducing the fuel 

consumption (Wahab et al., 2017, Sahoo and Jain, 2019, Faris et al., 2012, Pramod Kumar et 

al. 2017).   

METHODOLOGY 

How magnetization affects the arrangements and properties of molecules is shown in figure 4. 

It is seen in the figure that, when fuel is not magnetized then fuel molecules are very close to 

each other and in cluster form. So, when the fuel is burnt, there is not enough oxygen to get 

interlocked with the hydrocarbon particles and hence incomplete combustion occurs. But when 

Magnetization of fuel is done then atoms of hydrocarbons are arranged in a dispersed manner 

and provide enough space for combustion oxygen and hence results in complete combustion. 

Methodologies and results which have been applied by various researchers have also been 

considered in the present investigation and explained below.  

It was notified that, the utilization of biodiesel as fuel along with the application of a magnetic 

field on fuel could be beneficial in the enhancement of fuel burning in the internal combustion 

engine. Due to improved burning heat energy per unit quantity coming out due to combustion 
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is increased with a lower level of hazardous gases outflow with lower specific fuel 

consumption (Wahab et al., 2017).  

 

 

 

Figure 4 Effect of Magnetic Field on arrangements of molecular arrangements (Wahab et al., 

2017) 

The mechanical efficiency was found to be 7% higher, along with this brake specific fuel 

consumption was 6% lower, emission of CO2 was 13% lower and emission of NOx was 19% 

lower with the use of CuO nano fuel in diesel with the application of the magnetic field of 

3000 Gauss on fuel line of diesel engine (Sahoo and Jain, 2019).  

Karanja oil methyl ester (Karanja Biodiesel) with 20% methanol was used as fuel with the 

magnetization of fuel-blends in a diesel engine at full load. Results showed that, CO2 emission, 

NOx emission, and smoke outflow were 68%, 48%, and 51% lower respectively than that with 

Karanja biodiesel only (Thiagarajan et al., 2018). Utilization of magnetized fuel in a 

supercharged diesel engine having low injection pressure with a speed of 2100 RPM to 2400 

RPM delivered higher engine torque and brake power and lower while smoke outflow (Barna 

and Lelea, 2017).  Emissions of carbon mono oxides and hydrocarbon through the exhaust 
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manifold of diesel engine were found to decrease by 30 % and 40% respectively, with the use 

of fuel magnetization of 2000, 4000, 6000 and 9000 Gauss, before entering the combustion 

chamber, while CO2 emission increases marginally (Faris et al., 2012).  

Applying magnetic fields of strengths 4000 to 8000 Gauss, just before carburetor in petrol 

engine reduced the emissions of carbon dioxides, hydrocarbons, and nitrogen oxides by 

30.57%, 97%, and 36.08% respectively, while emission of carbon mono oxides is slightly 

higher (Pramod Kumar et al., 2017). Magnetization of fuel with a magnet of strength 9000 

Gauss before entering the combustion chamber of spark ignition engine improved the quality 

of combustion of fuel and rate of combustion. This research results in 4 to 12% lower fuel 

consumption as compared to without magnetization. Magnetization also reduces carbon mono 

oxides, Carbon dioxides, hydrocarbons, and oxides of nitrogen up to 11%, 10%, 18%, and 10% 

respectively (Niaki et al., 2019). The magnetization of fuel can bring the fuel consumption 

down up to 15.5% at operating condition and reduction in exhaust emission can also be 

brought down up to 50% depending upon the strength of the magnet and other operating 

conditions in a gasoline engine (Rehim and Attia, 2014). 

In this investigation, all the observations were taken on a single-cylinder, four-stroke, direct 

injection, compression ignition engine. The fuel used in this study was Jatropha biodiesel and 

properties (Density and Calorific Value) of biodiesel were evaluated experimentally and 

compared the same for with and without magnetization. Various observations were taken on 

the diesel engine to get performance parameters and different loads and again compared for 

with and without magnetization of fuel. The magnetization of fuel was done with the help of a 

permanent magnet of strength 4000 Gauss. 

RESULTS AND DISCUSSION 

Various Observations were taken in this study on a four-stroke diesel engine, using biodiesel 

and diesel blends as fuel. Fuel Blends have been magnetized by putting magnets of 4000 

Gauss, just before the entering of fuel in the combustion chamber. Various performance 

parameters have been calculated with the help of observations and emission parameters have 

been observed and noted. All the results are discussed as below:  

 Comparison of properties of fuel after and before magnetization is shown in table 1. 

Table 1 Properties of fuel 

Biodiesel Without magnet With magnet Result 
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Table 1 shows that after magnetization the density of biodiesel reduces, while the calorific 

value of biodiesel increases. There is a 1.605% reduction in the density of biodiesel and a 

1.139% increment in calorific value. This implies that the combustion of magnetized fuel w ill 

give more energy than the combustion of biodiesel without magnetization. 

PERFORMANCE PARAMETERS 

In this investigation performance parameters considered are mainly brake power (BP), brake 

specific fuel consumption (BSFC), and brake thermal efficiency (BTE). The effect of biodiesel 

and magnetic field (MF) on each parameter are discussed and compared with that of diesel 

only. The fuels used in this study were diesel (D) and the blend of 80% diesel and 20% 

biodiesel (BD20). 

Brake Power: 

It is seen in figure 5, that relationship between load and brake power is linear, which is true, 

but brake power is reduced slightly with BD20. Brake power with BD20+MF was a little 

higher than that with BD20.   

 

Figure 5 Variation in brake power with load. 
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It is observed that the maximum reduction in brake power with BD20 is 3.25% as compared 

that with diesel at a higher load. The decrease in brake power is due to the less torque 

generation with biodiesel as a fuel. Utilization of magnetic field converted this reduction into 

an increment of 0.17% as compared that with diesel. This increase due to magnetization of fuel  

in brake power is 3.18% when compared with BD20. 

Brake Specific Fuel Consumption: 

Variation in brake specific fuel consumption with load is shown in figure 6. It is seen from 

figure 6 that specific fuel consumption increases with the use of BD20 as fuel in place of diesel 

because engine fuel throttle opening increases while supplying biodiesel blends. It may be due 

to the lower calorific value of biodiesel fuel and its blends. BSFC was reduced with the use of 

magnetization of fuel because the magnetization of hydrocarbon arranges the fuel molecules in 

a dispersed manner and provides greater space for reacting oxygen. Hence increasing the 

quality of combustion and energy output from combustion. 

 

Figure 6 Variation in Brake Specific Fuel Consumption with load. 

From figure 6, the maximum increase in brake specific fuel consumption with the use of BD20 

is 19.52% at medium load as compared that with diesel. This increase is brought down using 

MF up to 10.03% as compared that with diesel. As compared to BD20 without a magnetic 

field, the use of MF reduces the BTE up to 7.94% at medium load and 9.19% at higher load. 
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Brake Thermal Efficiency: 

Figure 7 shows the variation between load and brake thermal efficiency with various 

conditions. The ratio of power output and total heat input is called the brake thermal efficiency. 

It can be seen from figure 7 that BTE reduces with the use of BD20 at all loads and with the 

additional use of MF, BTE again increases. BTE is a quantity that shows the power output per 

unit energy input, which is lower with biodiesel as a fuel. This reduction may be due to the 

higher density and higher viscosity of biodiesel; higher values of these properties make the 

energy release from fuel a little tough, while magnetization of fuel improves these qualities of 

fuel hence increasing BTE. 

 

 

Figure 7 Variation in Brake Thermal Efficiency with Load 

Figure 7 shows that the maximum decrease in brake thermal efficiency, with biodiesel as fuel, 

is 11.60% as compared that with diesel, additional use of MF brought down this decrease to 

5.39%. When a comparison has been done between BD20 and BD20+MF then there is  an 

increase of 7.02% in BTE at a higher load.   

Emissions 

In the present investigation under various conditions like the use of 100% diesel (D), use of 

BD20, and use of BD20 with the magnetic field (BD20+MF), the main emissions considered 
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Hydrocarbon (HC) and smoke. Variations in outflow quantity in each of these all some 

conditions are described in detail as below.   

Carbon Mono Oxide: 

Carbon mono oxide is a very toxic gas, which uses atmospheric oxygen to build itself. A 

higher quantity of CO in the atmosphere can cause breathing problems to humans and 

sometimes death also. As biodiesel has been used in a diesel engine as fuel in place of diesel, 

the emission of carbon monoxide from the vehicle outlet decreases, as can be seen in figure 8. 

The temperature of burning gases is increased with the use of biodiesel because of higher 

oxygen present in the fuel and hence provide favorable conditions for complete combustion, 

thus reducing the emission of CO. Emission of CO further reduces when magnetized fuel has 

been used.   

 

Figure 8 Variation in Emission of CO with load 
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Oxides of Nitrogen are also gas which is harmful to humans if present in quantity is higher 

than a safe level. Biodiesel has been used in a diesel engine as an alternate, clean, and green 

source of energy, but with some limitations in performance and emission parameters. Being a 

green alternative source of energy, it emits more NOx than diesel, when used as fuel in the 

diesel engine. The reason behind the higher NOx emission is the higher oxygen content in the 

biodiesel fuel during combustion. The decrease in NOx emission with the magnetization of 

fuel is due to the realignment of fuel, which in turn arranges the oxygen to react with 

maximum atoms of carbon and hydrogen.  

  

Figure 9 Variation in emission of NOx with load 

From figure 9 emission of NOx increases with the use of BD20 at all loads. Emission of NOx 

is lower with the use of BD20+MF than the use of BD20 as fuel in diesel. A maximum 

increase of 48.38% at lower load has been noticed with BD20 as fuel. This increase in the 

emission of NOx at lower load has been brought down to 12.90% when fuel is magnetized 

(BD20+MF). A maximum decrease of 23.91% in the emission of NOx has been noted when 

BD20+MF was used as fuel, compared that with BD20 only. 
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fuel then the emission of un-burnt hydrocarbon decreases. The main reason for the production 

of un-burnt hydrocarbon is the incomplete combustion of fuel. When biodiesel is used as fuel, 

then combustion quality improves due to higher oxygen content, thus reducing the production 

of HC. HC emission further reduces with the use of magnetized biodiesel at all loads because 

of improved properties of fuel and arrangements of fuel atoms.  

 

Figure 10 Variation in emission of Un-burnt Hydrocarbon with load 
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Figure 11 Variation in the emission of Carbon Di Oxide 

From figure 11 it can be seen that a maximum increase of 5.53% at medium load has been 
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Figure 12 Variation in Smoke emission with Load 
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CONCLUSION 

Significant effects of magnetized fuel on the performance and emission parameters of the 

internal combustion engine have been observed.  Following conclusions can be made based on 

various results and discussion. Chemical properties and molecular structure of biodiesel have 

been affected by the magnetization of biodiesel, which further affects the performance and 

emission parameters of the internal combustion diesel engine. Applying a magnetic field of 

4000 Gauss decreases the density of biodiesel by 1.605% and increases calorific value by 

1.139%.With BD20+MF, maximum reductions in BSFC, NOx, CO, HC, and smoke are 

9.19%, 23.91%, 8.57%, 3.70%, 19.53% respectively as compared with that BD20.With 

BD20+MF, the maximum increase in emission of CO2 is 5.94% as compared with that BD20 

at a lower load. 
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