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Abstract: Most of the fuels used in internal combustion engines are liquid fuels. The magnetic
behavior of fuel leads to a change in the interaction of hydrocarbon and oxygen molecules. This study
aimed to evaluate the fuel consumption and engine vibration (time domain) of the Perkins A63544
diesel engine using magnetized fuel. The vibration of an internal combustion engine can cause failure
in engine components and discomfort and injury to users. Engine vibration behavior changes due to
changes in fuel types and engine combustion. Therefore, in this study, the vibration behavior of the
tractor engine (Perkins model, four-stroke, direct injection diesel) was evaluated in stationary mode
at different engine speeds due to changes in fuel types. Three accelerometers (CTC AC102 model)
were used to measure the vibration acceleration. The fuels used included diesel as a normal control
and fuels that had been subjected to magnetic field intensities of 1000, 2000, 3000, and 4000 gauss.
The longitudinal, vertical, and lateral vibration signals with 5 levels of engine speed were measured.
The results illustrated that the vibration root mean square (RMS) values were essentially (p < 0.01)
affected by the engine speed, fuel type, and their interactions. It was found that for the 4000-gauss
magnetized fuel, the average vibration acceleration using the five velocity settings reduced by 15%,
15.30%, 12.40%, 12.35%, and 15.38% compared to the respective control fuels. The results showed
that engine fuel consumption and specific fuel consumption decreased by 2.3% using the 4000-gauss
magnetized fuel compared with the normal control fuel.
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1. Introduction

In recent years, many approaches have been proposed to diminish fuel consumption
and emissions from internal combustion engines. Emissions such as NOx and CO produced
by burning fossil fuels are one of the main causes of pollution in the atmosphere. Accu-
mulation of CO; and other greenhouse gases in the atmosphere is causing changes in the
Earth’s climate and seems to have dire consequences for humans and other organisms [1-8].
In another survey concerning the magnetic field, a two-stroke engine was utilized in the
fuel line; fuel consumption diminished by about 9-14%, and CO, as well as HC pollutants,
dropped by 30 and 40%, respectively [9,10]. Generally, fuels used in internal combustion en-
gines are a combination of several molecules. These molecules are made of atoms (electrons,
protons, and neutrons). Positive and negative charges in these fuels can be observed in
magnetic movements. By applying a strong magnetic field, the internal levels of molecules
are changed. However, because these molecules have not yet been released, they cannot
react with oxygen molecules actively. Fuel molecules or chains of hydrocarbons must be
ionized to be released. Ionization phenomena and the release of molecules are achieved
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by applying a magnetic field [11]. Using a magnetic field, the internal energy of fuel can
be increased, which means some alteration in the molecular surface of fuel leads to a rise
in the internal energy of the fuel, its molecular segregation, and more reactivity, thereby
improving combustion [12]. In a research study, petroleum, diesel, and gasoline fuels were
situated in magnetic fields of varying intensity and duration. The results verified a 10%
reduction in gasoline viscosity and a 4% fall in diesel viscosity [13]. In another study, the
mechanical characteristics of the rotating system of two double disks were examined. The
Hall current effect, Arrhenius activation energy, and chemical reaction entropy generation
were investigated. The results showed that the time-independent three-dimensional flow
of Maxwell nanofluid was induced using two parallel rotating disks because of the Hall
current effect [14]. Moreover, the entropy generation in unsteady magneto-bioconvection
Casson nanofluid flow in the presence of Cattaneo—Christov heat and mass flux theory
was investigated. The Buongiorno nanofluid model was used to consider the influences
of Brownian motion, viscous dissipation, and thermophoresis [15]. Torsional vibrations
(acceleration) in engines exhibit a phenomenon that is not typical of vibrations. These
effects are rooted in the geometry of the reciprocating mechanism and emerge through
dynamic analysis. Apart from the fact that the system changes by crankshaft rotation, the
outcomes show that torsional vibration is influenced by friction between the piston and
the cylinder [16]. In another research study, the vibration of the two-wheel tractor was
investigated during transportation. It was shown that when the rotational speed of the
engine increases, the RMS average acceleration of vibration generally rises in all situations
and gears, and the highest increase in RMS acceleration value is in light gears [17]. The
present research aimed to look at the impact of magnetized fuel on the vibration function
and fuel consumption of diesel engines of MF-399 tractors. In this survey, the vibration
of the MF-399 tractor engine at five levels of engine rotational speed under load was mea-
sured using magnetized fuel, and the values of acceleration RMS and vibration signals
were recorded.

2. Materials and Methods
2.1. Diesel Engine

In this survey, an MF399 tractor engine made by Tractorsazi Co., Tabriz, Iran, was
utilized. Table 1 shows the technical characteristics of the engine during all experiments.
Because the tractor was used in a stationary state, the tractor engine was the main source of
vibrations. The moving parts of an engine are the crankshaft, connecting rods, and pistons.
Vibration in mutual motors is caused by changes in the gas weight interior of the cylinder
and substituting inertia strengths focused on diverse motor parts.

Table 1. Technical details of an MF 399 tractor engine.

Model Type Perkins A63544
Builder Iran tractor co.
Combustion type Direct injection
Cylinders 6
Cylinder stroke 128 mm
Bore of cylinders 98.5 mm
Volume of cylinders 5.8 liter
Topmost power 2300 rpm, 110 hp
Topmost torque 1300 rpm, 375 N m

2.2. The Magnetizer Machine

To magnetize diesel fuel, an alternative magnetic field manufacturer with a maximum
capacity of 6000 gauss was made by the agricultural and technical group of Abouraihan-
Tehran University. As can be seen in Figure 1, this device contains the following main parts:
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Figure 1. Magnetic fuel conditioner device. (1) Fuel tank. (2) The route of fuel rotation. (3) Power
supply. (4) Cooling system.

2.3. The Vibration-Measuring Device

In this research, the vibration of the MF-399 tractor engine was estimated both in
stationary mode and under full load on an asphalt road in an open space. The research
was conducted in the renewable energy laboratory of Tarbiat-Modares University (TMU).
The experiments were carried out at five different intensities of the magnetic field (0 to
4000 gauss) and at five different levels of engine speeds. The measurement of the vibration
was a 5 (field intensity) x 5 (engine speeds) experiment on a randomized design and five
replications. The total number of experiments is listed as:

The number of experiments = (5) fuel x (5) engine speeds x (5) iterations

Because stationary conditions can be utilized as the basis of measurement to compare
vibration in another condition, the experiments in this study included stationary mode.
Examination of variance was conducted using the Multi-Factorial Adjusted Show in the
SAS 9.3 Measurable Computer program (SAS Institute, Cary, NC, USA). The results of
these tests provide recognizable proof of the contrasts in vibrations in response to the fuel
and engine speeds. Extra investigations were carried out to independently determine the
interaction between the fuel and engine speeds for each treatment. The RMS of speeding
up was factually analyzed employing an adjusted two-factorial examination of variance
(analysis of variance, ANOVA). In each experiment, the number of five-time domain signals
(repeat) with duration of 4 s was recorded with a sampling rate of 120,000.

2.4. The Accelerometers

The acceleration sensor type CTC AC102 was employed to record acceleration signals,
and its specifications are presented in Table 2. The output data of the acceleration sensor
were converted to digital data using an electronic analog-to-digital converter, and then
the digital signals were recorded on a hard drive. The acceleration sensors and vibration
measurement setup are illustrated in Figure 2.

Table 2. Specifications of Model AC102 accelerometer manufactured by CTC (USA).

Characteristic Range
Sensitivity 100mV/g
Frequency response 0.4 to 14000 Hz
Dynamic range £50 g, at peak
Supply voltage 17-31 VDC
Temperature range —50-120 °C

Natural resonant frequency 26,000 Hz
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Figure 2. The setup used for the engine vibration measurement.

2.5. Specific Fuel Consumption

Specific fuel consumption is characterized as the mass of the fuel expended to create 1
kWh of genuine engine work. The specific fuel specific fuel consumption may be a compar-
ative variable that shows how an engine changes fuel vitality to real work. In this regard,
fuel consumption is accessible in terms of ml/min. Engine-specific fuel consumption was
calculated from Equation (1) [18]:

60p x FC

FC =
SEC P

@

All the tests were repeated three times, and the mean values were reported. The
information was measurably analyzed utilizing the two factors completely randomized
design in order to study the impacts of engine speeds and fuel types on debilitated outflows
and fuel consumption. Furthermore, Duncan’s multiple range tests were used to compare
the means. It should be noted that the engine was warmed up for about 10 min before
measuring the vibration signals for the control sample (0 gauss). For the other experimental
runs, the engine was fueled by the magnetized samples for about 10 min before measuring
the vibration signals. As a result, for each sample, the engine was stable and the new
sample fuel was placed in the fuel circuit.

3. Results and Discussion
3.1. Fuel Specifications

The specifications of pure diesel fuel (0 gauss refers to the condition before magnetic
treatment was applied) and diesel fuel magnetized within the permissible range of each
item measured in the biodiesel laboratory at TMU are shown in Table 3. As shown, the
values obtained for each fuel, including the density, viscosity, and flash point of all fuels,
were in the standard range. The 4000-gauss magnetic field intensity provides the lowest
value of specific gravity, kinematic viscosity, and flashpoint. With increasing magnetic
field intensity, the fuel density reduced, so the lowest density was for the magnetic field of
4000 G. The hypothesis that a magnetic field diminishes the viscosity of many fluids has
been reported in the literature [19]. Moreover, a recent report indicated that a magnetic field
causes changes in oil viscosity. The results of experiments have shown that the significant
reduction in the viscosity of paraffin and crude oil is caused by a combination of long
chains [20]. Due to the greater surface area of the combustion chamber, smaller droplets
evaporate faster, which causes faster and more complete combustion. In addition, in
injection systems (gasoline and diesel), finer fuel droplets increase the combustion speed,
and consequently, combustion is more complete [21].
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Table 3. Fuel details.
Permissible ) uracy 4000 G 3000 G 2000 G 1000 G 0G Fuel
Range Specifications
Specific gravity
820-850 +1k 3 813.5 815 816 824 826.1
g/m (g/m’)
Kinematic viscosity at
1.9-6 +0.1 ST 243 2.44 245 2.51 2.54 40 °C (CST)
Max 130 +1°C 60.1 62 62.1 64 65.4 Flashpoint (°C)
3.2. Time-Domain Signals
Figure 3 depicts a section of the time domain signal in three directions—lateral, lon-
gitudinal, and vertical—at a speed of 1700 rpm and diesel fuel (0 gauss) for the engine
under full load. The combustion cycles are shown in this figure. As can be observed, the
vibration acceleration in the lateral direction exceeds that in the vertical direction, and the
vertical vibration acceleration surpasses that in the longitudinal direction. Therefore, the
time domain acceleration signals significantly depend on the direction of measurement.
As it is clear the maximum and minimum values of the acceleration signals of vibration
recorded at the lateral and longitudinal directions are attributed to the six-cylinder engine
being well balanced in the vertical direction than the two other directions. Moreover, the
experimental results showed that the time domain acceleration signal values of vibration
decrease by applying the magnetic field intensity. Therefore, the value of the time domain
acceleration signals using 1000 Gauss field intensity is significantly less than the value of
time domain acceleration signals related to fuel without a magnetic field. The reason why
acceleration is higher in the lateral direction is the good dynamic balance of the six-cylinder
engine, which causes the vibration to reduce on the vertical side than on the lateral one, as
well as the blast force produced by the engine in the lateral direction [22].
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Figure 3. Cont.
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Figure 3. Vibration acceleration signals in the time domain at 1700 rpm engine speed in the lat-
eral, longitudinal, and vertical directions. (a) Without a magnetic field. (b) Diesel fuel under a
1000-gauss field.

3.3. Evaluation of RMS of Vibration Acceleration Signals

For evaluation of the engine’s vibration at different speeds and field intensities applied
to fuel, the acceleration RMS was used for each direction of measurement. Five replica-
tions against each treatment were considered. Acceleration RMS was calculated using

Equation (2):
1N
aRMS =/ NZkzl ak? )

where arps is the root mean square value of the acceleration signal, (m/ s?), ay is the
acceleration amplitude at time of k within the time domain signal, and N, is the entire range
of samples (N = 120,000) for 4 s [22].

3.4. Effects of Variable Levels on Vibration

A comparison between the test results for the interaction effects of the direction of
measurement and fuel type on RMS is given in Table 4. Duncan’s multiple range test was
used to compare treatment means. Means were significantly different when p < 0.01. For the
engine under full load, the RMS significantly affected engine speed (ES) for the longitudinal
(x), vertical (z), and lateral () axes. The RMS of acceleration increases significantly when
the engine speed increases from 1900 to 2100 rpm; this is true for each ES (engine speed)
and all axes (p < 0.05; Table 3). A similar approach was detailed for the Mitsubishi power
tiller [13,16]. As is evident from this table, in the lateral direction, the RMS acceleration
values at every level of the fuel are significantly greater than the horizontal and vertical
lengths. The reason why acceleration is higher in the lateral direction is the good dynamic
balance of the six-cylinder engine, which causes vibration to reduce on the vertical side than
on the lateral, and also the existence of blast forces in rotary engines [18]. In the longitudinal
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direction, there are no significant differences between RMS values of acceleration for pure
diesel fuel at 1000-gauss, and RMS acceleration at 4000 gauss reduced significantly. This
could be due to the low intensity of the 1000-gauss field influencing the molecular structure
of the fuel. By increasing the field intensity to 4000-gauss, the fuel’s molecular structure
probably alters, so that the resulting combustion is more uniform. It was clarified that
under a fairly powerful magnetic field, hydrocarbon molecules turn into a de-cluster mode
with a smaller form, which makes it possible to find more contact space to react with
oxygen, and this situation results in a more thorough combustion and fuel consumption
decrease [20,23,24]. As regards RMS values of acceleration in the vertical direction, there
are significant differences between pure diesel fuel and other fuels, and RMS acceleration
reduces significantly at 4000-gauss.

Table 4. RMS acceleration and mean square (MS) comparison derived from a completely randomized
design (CRD) and interaction effects of directions and engine speeds.

Applied Field 4000 G 3000 G 2000 G 1000 G 0G
Intensity (FI)
Longitudinal (X) 60.816 © 68.816™ 71.816 ™ 78.816! 79.816 !
Lateral (Y) 97.797 £ 98.79 ¢ 104.729 119.400 @ 120.853 2
Vertical (Z) 81.040 84.016 1 91.484 P 95.167 8 96.484 &£

The means with the same letters showed no significant differences (p > 0.05).

In the longitudinal direction, there is no significant difference between the RMS value
of (0 G) fuel acceleration and (1000 G), and with increasing field strength, the acceleration
of these fuels slowly decreases. In the vertical direction, too, no significant difference
is observed among the RMS values of pure diesel and 1000 G, but compared to other
fuels, the RMS value for 2000 G fuel significantly drops and the smallest RMS acceleration
value is in the vertical direction. The highest RMS value of acceleration in 1000 G and 0 G
fuels is observed in the lateral direction, and the minimum value is in 4000 G fuel in the
longitudinal direction. Overall, the RMS of vibration acceleration recorded in the lateral
direction is the greatest (average 107.52 m/s?) and the smallest value is in the longitudinal
direction (average 71.23 m/s?).

3.5. The Interaction Effects of Field Intensity and Engine Speed

Table 5 illustrates the evaluation of means for different ES and FS (magnetic field
strength). As can be seen, the vibration dramatically rises at 2100 rpm, and the rate of
the increase is substantially fast. To discover why vibration increases at some engine
speeds, the output torque curve of the engine can be used [25]. The average of increased
vibrations for all field intensities from 1700 to 2100 rpm is 2.02, 3.43, 7.65, and 8.57 m/ s2,
respectively. Figure 4 illustrates the output torque and power curves performance for
Perkins engine model A63544. There are several important points in this diagram. The
maximum torque is 431 Nm at 1200 rpm. The maximum power is 82 kW at 2200 rpm. The
topmost vibration always occurs at an engine speed where the ES, torque, or power is
the greatest. Furthermore, in this engine, the product of power and torque (P-T) reaches
the highest engine speed of 2000 rpm. The reason for this claim is this tractor’s power
take-off [26]. Moreover, Table 5 shows that proportional to the field intensity increase from
0 to 4000 gauss, the average acceleration of vibration reduces by 15%, 15.30%, 12.40%,
12.35%, and 15.38%, respectively (for five ES). This indicates an average 29% reduction in
vibration acceleration. The reason why the value of vibration acceleration falls is probably
that as the magnetic field increases, the power required to overcome the hydrocarbon
clusters of the fuel structure is provided by the engine, as a result of which the fuel burns
more constantly and less vibration is produced in the internal parts of the engine [27-31].
Using a magnetic field, the internal energy of fuel can be increased, which means some
alteration in the molecular surface of fuel leads to a rise in the internal energy of the fuel,
its molecular segregation, and more reactivity, thereby improving combustion [32-34].
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Table 5. RMS acceleration and mean square (MS) comparison derived from the completely random-

ized design (CRD) for each engine speed.

S ES (rpm)
F
1700 1800 1900 2000 2100

0G 87.439 ef 91.929 ¢ 98.451 ¢ 108.598 P 118.606 2
1000 G 85.111f 87.554 et 95.505 4 107.324 b 114.969 @
2000 G 81.474 7k 83.561 ik 91.177 102.875 &h 110.325b
3000 G 79.259 82.923 )4 90.768 h 100.629 b 108.795 &
4000 G 73.487 ! 77.867 ki 86.219 Kl 95.1771 100.356 1

The means with the same letters showed no significant differences (p > 0.05). Subset for alpha = 0.05.

—a— Toraue —=— Power
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Figure 4. The engine torque power variations in terms of the engine speed.

3.6. Specific Fuel Consumption

Changes in the specific fuel consumption as a function of engine speed are shown in
Figure 5. As can be observed in this figure, the diagram of all fuels shows the same trend,
while the diagram of 4000 gauss has lower specific fuel consumption.

The maximum amount of specific fuel consumption reduction compared to control
fuel was 2.3% for 4000 gauss. The coefficient of determination (R?) related to the regression
equations was fitted and shown on the engine specific fuel consumption data as a function
of engine speed for each magnetic field density. Duncan’s multiple range tests were used
to compare whether the mean values of the engine vibration and specific fuel consumption
varied significantly when the engine speed and magnetic field density changed. The results
of Duncan’s multi-range test are shown in Table 6. Letters (a, b, ¢, etc.) were utilized to
find whether mean values had notable differences at a 0.5% probability level or not using
Duncan’s multiple range tests. The same letters indicate that there was no remarkable
difference at the 0.5% probability level. Moreover, other surveys conducted by scientists
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approved the results of this study. For instance, in an investigation, the experimental results
showed that the fuel consumption of the diesel engine was less when the engine had a
magnetic field than that without it at a higher load. The results showed that consumption
of the fuel with a magnetic field was less. The reduction in fuel consumption was about

8% [35].
350 1 magnetic R?
fields.
¢ Nomal

= 340
o
g = 1000Gauss D100 0902
g 330 4 < 2000Gauss 1000G 0.918
e
S ' 3000Gauss
2 320 —~— 1 " 2000G 09427
= ¥ 4000Gauss
<] 3000G 0.829
< 310 |
z
g 4000G 0.9902

800 850 200 350 1000 1050

(PTO speed (rpm)

Figure 5. Engine speed and engine specific fuel consumption for different magnetic fields.

Table 6. The magnetic field and SFC.

Magnetic Field (Gauss) Specific Fuel Consumption (g/kW h)
0G 330.45?
1000 330.26 2
2000 329.296 @
3000 326.95 @b
4000 322.6°

The means with the same letters showed no significant differences (p > 0.05). Subset for alpha = 0.05.

Table 7 shows Duncan’s multi-range test results comparing the average specific fuel
consumption and engine speed. As shown, the mean values of specific fuel consumption
at speeds of 1700 to 1800 rpm are not significant but significantly decrease at a speed of
1900 rpm. Maximum average specific fuel consumption was seen at a speed of 1700 rpm

and 334.86 g/kWh, and minimum average specific fuel consumption was achieved at a
speed of 950 rpm and 319 g/kWh.

Table 7. Engine speed and SFC.

Engine Speed (rpm) Specific Fuel Consumption
1700 334.86 2
1800 3312
1900 319°¢
2000 326°

The means with similar letters showed no significant differences (p > 0.05). Subset for alpha = 0.05.

4. Conclusions

In this study, the fuels used included diesel fuel as standard control and fuels that have
been subjected to magnetic field intensity at 1000, 2000, 3000, and 4000 gauss. The levels of
the magnetic field were selected based on the literature survey as well as the magnetic field
ability of the used unit. Some experiments were conducted in this research to evaluate the
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effects of magnetic fuel on engine parameters such as engine vibration. Effects of magnetic
fields with different intensities were studied on vibration signals of a six-cylinder internal
combustion engine. Vibration signals in the longitudinal, vertical, and lateral with 5 levels
of engine speed were measured.

From the discussions, it can be concluded that as engine speed increases from 1700
to 2100 rpm, the RMS vibration acceleration average generally increases in all fuels and
directions, and this research clarified that by applying a magnetic field to diesel fuel, the
MEF399 tractor engine vibration significantly decreases provided that the magnetic field
density is sufficient.

Moreover, the time domain acceleration signals were significantly dependent on
the measurement direction. furthermore, the experimental results showed that the time
domain acceleration signal values of vibration decrease by applying the magnetic field
intensity. Therefore, the value of the time-domain acceleration signals using a magnetic
field intensity was significantly less than the level of acceleration signals related to fuel
without a magnetic field.

Along with the engine speed increase from 1700 to 2100 rpm, the RMS average
vibration acceleration generally increases in all fuels.

The experimental results showed that the values of RMS vibration acceleration de-
creases when the magnetic field strength is increased. Therefore, the minimum value of
RMS was obtained using a field intensity of 4000 gauss. Moreover, specific fuel consump-
tion declined by about 3/2%.
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