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Environmental-Oriented Enhancement of B40
Biodiesel Combustion Efficiency Using Hybrid
PtO>—CeO: Catalyst and Neodymium N45
Magnetic System in Diesel Engines
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Abstract— The mandatory B40 biodiesel policy in Indonesia has introduced significant technical challenges for diesel engine
operation, including increased fuel viscosity, reduced atomization quality, and elevated specific fuel consumption (SFC). This study
presents the design, CFD simulation, and experimental validation of a novel hybrid fuel treatment device combining 20 pieces of
bipolar neodymium N45 permanent magnets (magnetization zone, peak field 2800 Gauss) with a packed-bed of 6 PtO.—CeO-
bimetallic donut-shaped (toroid) catalysts (catalytic zone). CFD simulations using ANSYS Fluent 2024 R1 were conducted to
characterize the magnetic field distribution, velocity profile, pressure drop (AP = 2.30 bar), catalytic reaction rate (max. 2.00 x 10™*
mol/m?-s), and temperature distribution (max. 348.2 K, within the 353 K safety limit) of the hybrid device. Experimental tests on a
Yanmar TF 85 MR diesel engine at 1800 RPM and 1 kW load demonstrated that the hybrid catalyst reduced B40 fuel consumption
from 10.00 mL/min (baseline) to an average of 9.21 mL/min, achieving a mean fuel saving efficiency of 7.90%. The results confirm
the technical feasibility and effectiveness of the PtO.—CeO2/Nd-N45 hybrid catalyst system for improving B40 combustion

efficiency and supporting environmentally oriented fuel utilization in diesel engines.
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1. INTRODUCTION

The Indonesian government mandated B40 biod 2025

under ESDM Regulation No. 12/2025 [1]. This policy
impacts all diesel engine sectors, including stationary
diesel generators that are critical to industrial operations
and remote electrification systems [2].

B40 presents distinct physicochemical challenges
compared to B0, particularly due to the higher proportion
of fatty acid methyl ester (FAME) in the fuel blend [3].
The kinematic viscosity at 40°C increases to 3.8—5.2 cSt,
approximately 18-25% higher than conventional diesel
fuel, which may promote FAME molecular cluster
formation through intermolecular hydrogen bonding of
ester groups (-COO-) [4,5]. These changes affect fuel
spray behavior, resulting in larger spray droplet Sauter
Mean Diameter (SMD +15-20 pm), longer ignition
delay (0.3-0.8° CA), and an increase in specific fuel
consumption (SFC) of approximately 10—-14% [6,7].

Two promising approaches have been reported to
address these limitations. First, magnetohydrodynamic
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(MHD) treatment using neodymium permanent magnets
can disrupt FAME molecular clusters and modify fuel
molecular alignment, thereby improving atomization
quality and combustion characteristics [8,9]. Previous
studies have indicated that magnetic fuel treatment can
improve atomization by approximately 15-20% and
reduce SFC by 8-12% under specific diesel engine
operating conditions [10]. Second, bimetallic PtO.—CeO-
catalysts provide heterogeneous oxidative cracking of
long-chain FAME molecules, while CeO: acts as an
oxygen storage promoter through reversible Ce*'/Ce*"
redox cycles [11,12].

This paper presents a novel integrated hybrid device
combining both mechanisms—20 bipolar Nd-N45
magnets and 6 PtO.—CeO: toroid catalysts in a single
SS316L housing—with comprehensive CFD validation
using ANSYS Fluent 2024 R1 and experimental
verification on a Yanmar TF 85 MR diesel engine fueled
with B40 biodiesel [13].

The hybrid device consists of a stainless steel 316L
cylindrical housing (OD 40 mm, ID 25 mm, length 100
mm) with two distinct functional zones, namely the
magnetization zone and catalytic packed-bed zone, as
illustrated in Fig. 1 [14,15].

Zone 1 — Magnetic Turbulent Mixing Zone (0—60
mm): Twenty neodymium N45 disc magnets (16x10x5
mm each) arranged in a bipolar configuration generate
alternating N—S magnetic fields along the fuel flow
direction. This configuration enhances
magnetohydrodynamic (MHD) interaction between the
magnetic field and the flowing B40 biodiesel. The peak
magnetic flux density reaches 2800 Gauss, with an
average value of approximately 1350 Gauss inside the
flow region, which is sufficient to influence molecular
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alignment and disrupt weak intermolecular bonding
within FAME clusters [16,17].

Zone 2 — Catalyst Packed Bed Zone (60—100 mm):
Six PtO-—CeO: bimetallic toroid (donut-shaped) catalysts
(outer diameter 20 mm, inner diameter 8 mm, thickness
10 mm) are packed in series. The toroidal geometry is
selected to maximize fuel-catalyst contact surface area
while maintaining continuous flow-through capability

1006

and acceptable pressure loss. The packed bed has a
porosity of € = 0.42 and an estimated BET surface area
of approximately 1200 m?/g. The presence of CeO:
provides an enhancement factor of about 1.3x through
oxygen storage and redox promotion via Ce*/Ce**
cycles, supporting sustained catalytic activity [18].

Figure 1. 3D CAD model of the hybrid PtO.-CeO2/Nd-N45 fuel catalyst device showing magnetization zone (left) and catalytic packed-bed zone
(right).

CFD simulations were performed using ANSYS
Fluent 2024 R1 to analyze the coupled flow, magnetic,
and catalytic phenomena. The realizable k—¢ turbulence
model was employed to represent turbulent flow
behavior in the magnetic mixing zone, while
magnetohydrodynamic body forces were incorporated
using a Biot—Savart-based user-defined function (UDF)
to resolve the magnetic field distribution. The toroid
catalyst region was modeled as a porous medium using

Magnetic Field Distribution — Hybrid Neodymium Module B40 Fuel

Model: Magnetic Field (B)
Solver: ANSYS Fluent 2024 R1
Type: Magnetostatic (Steady State)
Units: Gauss

Material: Stainless Steel 316L

the Darcy—Forchheimer formulation based on the Ergun
equation, and surface catalytic reactions were
represented by an Arrhenius-type reaction model for
PtO>—CeO: oxidative cracking with an activation energy
of 45 kJ/mol [19]. The B40 biodiesel fuel properties
were set as density p = 860 kg/m* and dynamic viscosity
p = 4.1 cP. The inlet boundary condition was defined as
a uniform velocity of 1.20 m/s, while the outlet was
specified as a pressure outlet at 0 Pa gauge [20]
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Figure 2. Magnetic field distribution (Gauss) — Hybrid Nd-N45 module showing peak 2800 Gauss at inter-magnet gaps (ANSYS Fluent 2024

The velocity contour (Fig. 3) illustrates the dual-zone
flow behavior. In the magnetic zone, bipolar magnet
arrangements create turbulent mixing vortices (max
velocity 1.80 m/s) that enhance FAME cluster disruption
and homogenization. Flow then transitions into the toroid

R1).

packed-bed zone where it decelerates to an average of
0.68 m/s, increasing fuel residence time on the catalytic
surface to approximately 0.06 seconds.
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Velocity Magnitude Distribution — 20pcs Magnet + 6pcs Donut Catalyst Packed Bed B40 Module

Model: Velocity (840 Fusl)
Solver: ANSYS Fluent 2024 R1
Type: Pr  Steady State
Fluid: Biodiesel B40 (p = 860 kgim’)
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Figure 3. Velocity magnitude distribution [m/s] — magnetic turbulent mixing zone (left) and toroid catalyst packed-bed zone (right) (ANSYS
Fluent 2024 R1).

Fig. 4 presents the static pressure distribution. The
dominant pressure resistance occurs in the toroid packed-
bed zone (60—100 mm), with total pressure drop AP =
2.30 bar across the full device. This value is within

acceptable limits for fuel line integration in diesel engine
applications. The magnetic zone contributes minimal
pressure drop due to the open disc magnet arrangement.

Pressure Drop Distribution — 20pcs Magnet + 6pcs Donut Catalyst PtO,-CeO, B40 Module
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Figure 4. Pressure drop distribution [Pa] — total AP = 2.30 bar, dominated by the PtO2-CeO: toroid packed-bed zone (ANSYS Fluent 2024

The PtO»-CeO: surface reaction rate distribution is
shown in Fig. 5. Maximum surface reaction rate of
2.00x10* mol/m?*s occurs at the 3rd—4th toroid
positions, corresponding to the Ce*/Ce* redox
promotion hotspot. Average surface reaction rate is
8.45x10° mol/m*'s with CeO: enhancement factor of
1.3x. This confirms active oxidative cracking of long-
chain FAME molecules (C16—C18 esters) facilitated by
the pre-magnetized fuel entering the catalytic zone. The
PtO.—CeO: surface reaction rate distribution is shown in
Fig. 5. Maximum surface reaction rate of 2.00 x 10~
mol/m rate is 845 x 10 mol/m*s with CeO:
enhancement factor of 1.3x. This confirms active
oxidative cracking of long-chain FAME molecules

R1).

(C16-C18 esters) facilitated by the pre-magnetized fuel
entering the catalytic zone.

The higher reaction intensity at the middle section of
the toroid packed bed indicates that the fuel requires a
short residence time before reaching an optimum
interaction with the PtO,—CeO: catalytic surface. At the
initial toroid positions, the fuel begins to contact the
catalyst surface and undergoes early-stage activation. As
the flow progresses toward the 3rd—4th toroid, the
interaction between the treated B40 fuel and the catalytic
active sites becomes more effective, resulting in the
highest reaction rate in this region.

The CeO: component plays an important role in
supporting the catalytic process by providing oxygen
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storage and release capability through the reversible
Ce*/Ce** redox mechanism. This mechanism helps
maintain the availability of active oxygen species on the
catalyst surface, which supports the oxidative cracking
reaction of long-chain FAME molecules. Meanwhile,
PtO: acts as the main active catalytic phase that promotes
surface reaction and molecular bond weakening.

The toroid catalyst geometry also contributes to the
observed reaction distribution because it allows fuel to
pass through the inner hole and around the outer catalytic
surface simultaneously. This flow-through configuration
increases the probability of fuel—catalyst contact while
maintaining continuous fuel movement through the
packed-bed region. Therefore, the toroid arrangement

Surtoce
ANSYS Flusre 2024 R

1008

provides a balance between reaction surface exposure
and hydraulic flow continuity.

The reaction rate pattern shown in Fig. 5 suggests
that the catalytic zone is not uniform along the axial
direction, but instead has a specific active region where
the combined effects of residence time, surface contact,
and redox activity reach their maximum. This condition
is beneficial because it indicates that the catalyst bed is
actively involved in fuel conditioning rather than
functioning only as a passive flow restriction. The
presence of a clear reaction hotspot supports the
feasibility of the PtO.—CeO: toroid packed bed as an
active catalytic section in the hybrid fuel treatment
device.

Pt0,-Ce0, Catalytic Reaction Rate — 6pcs Donut Packed Bed B40 Treatment  A\nsys
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Figure 5. PtO:-CeO: catalytic reaction rate [mol/m?-s] — Ce*"/Ce*" redox promotion hotspot at 3rd—4th toroid (ANSYS Fluent 2024 R1).

The temperature distribution (Fig. 6) confirms safe
thermal operation. Exothermic catalytic reaction
generates a peak temperature of 348.2 K at the 3rd—4th
toroid, remaining well below the 353 K (80°C)
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+ Temperature B40.

perature Distribution — Exothermic

operational safety limit. The magnetic zone maintains
inlet temperature of 300 K, while the catalytic zone
shows a progressive temperature rise consistent with
exothermic FAME oxidation reactions.
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Figure 6. Température distribution [K] — peak 348.2 K at catalytic zone, within 353 K (80°C) safety limit (ANSYS Fluent 2024 R1).

II. METHOD
A. Test Setup

Experimental fuel consumption tests were conducted
on a Yanmar TF 85 volume of B40 consumed during
each test, while the stopwatch was used to record the
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elapsed time required to consume a fixed fuel volume.
All tests were carried out under the same fuel type, load,
and engine speed to maintain repeatability and
comparability between baseline and catalyst-assisted
conditions.

Experimental fuel consumption tests were conducted
on a Yanmar TF 85 MR-di single-cylinder, 4-stroke
direct injection diesel engine under constant operating
conditions. The engine was operated at 1800 RPM with a
1 kW electrical load using B40 biodiesel fuel, which has
a density of approximately p = 860 kg/m*. The hybrid
PtO:—Ce02/Nd-N45 catalyst device was installed inline
on the fuel supply line between the fuel tank and the
injection pump.

B. Test Procedure

Fuel consumption efficiency was evaluated by
measuring the time required to consume 20 mL of B40
under steady-state engine operation. One baseline test
without the catalyst device and three replicated tests with
the hybrid device installed were performed. The baseline
test was used as a reference condition to determine the
normal fuel consumption rate of the diesel engine
without any fuel treatment.

For each test, the engine was first operated until the
rotation speed and electrical load became stable. After
stable conditions were achieved, 20 mL of B40 biodiesel
was supplied through the measuring tube, and the time
required for the engine to consume the entire measured
fuel volume was recorded. The same procedure was
repeated for the catalyst-assisted tests after the hybrid
PtO—Ce0O2/Nd-N45 device was installed in the fuel line.
Fuel consumption rate (FC) and efficiency (n) were
calculated as:

FC (mL/min) =V /t % 60
n (%) = (FC baseline — FC catalyst) / FC _baseline x
100

where V = 20 mL (fixed test volume) and t = time
elapsed in seconds.

The fuel saving efficiency represents the percentage
reduction in fuel consumption after the installation of the
hybrid catalyst device. A lower FC value indicates
improved fuel utilization, while a higher n value
indicates  better fuel saving performance. The
experimental results were then analyzed by comparing
the baseline fuel consumption rate with the average
catalyst-assisted fuel consumption rate.

Before data collection, the engine was allowed to run
for several minutes until it reached stable operating
conditions. This stabilization period was intended to
minimize the influence of transient engine temperature,
fuel flow fluctuation, and load variation on the
measurement results. The engine speed and electrical
load were maintained constant throughout the
experiment to ensure that any change in fuel
consumption could be attributed mainly to the presence
of the hybrid catalyst device.

III. RESULTS AND DISCUSSION

A. Experimental Results
Table 1 presents the complete experimental fuel
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consumption data obtained from baseline and hybrid
catalyst-assisted tests. Under baseline conditions without
the catalyst device, the diesel engine consumed 20 mL of
B40 biodiesel in 7200 seconds, corresponding to a fuel
consumption rate (FC) of 10.00 mL/min. This value
represents the reference performance of the engine
operating solely with untreated B40 fuel at 1800 RPM
and a constant load of 1 kW.

Furthermore, the baseline condition provides an
important indication of the initial combustion behavior
of B40 biodiesel before any fuel treatment is applied.
Since B40 contains a higher proportion of fatty acid
methyl ester (FAME), its combustion characteristics may
differ from pure diesel fuel, especially in terms of fuel
flow resistance, injection behavior, evaporation
tendency, and ignition quality. These factors can affect
how efficiently the fuel is converted into mechanical
output during engine operation.

The fuel consumption rate of 10.00 mL/min under
untreated conditions shows that the engine requires a
relatively stable but measurable fuel supply to maintain
the specified operating parameters. This value becomes a
critical reference point for determining whether the
hybrid catalyst device provides a measurable
improvement. Without this baseline value, the reduction
observed in the catalyst-assisted tests would be difficult
to interpret quantitatively.

In addition, the use of a fixed fuel volume of 20 mL
allows the comparison between each test condition to be
conducted in a simple and consistent manner. A longer
consumption time for the same fuel volume indicates a
lower fuel consumption rate, while a shorter
consumption time indicates higher fuel demand.
Therefore, the time-based measurement approach used in
this experiment is suitable for identifying relative
changes in fuel consumption performance under
controlled laboratory conditions.

The baseline test also helps minimize uncertainty in
interpreting the role of the hybrid PtO.—CeO./Nd-N45
device. Because the engine speed, load, fuel type, and
fuel volume were maintained constant, the difference
between the baseline and treated conditions can be
associated mainly with the effect of the magnetic—
catalytic fuel treatment. This makes the baseline
condition an essential control variable in the
experimental design.

Moreover, the baseline result reflects the practical
challenge of using B40 biodiesel in diesel engines,
particularly when no additional treatment is applied to
improve fuel characteristics before injection. The higher
viscosity and molecular structure of biodiesel blends
may influence spray penetration, droplet size
distribution, and air—fuel mixing inside the combustion
chamber. These conditions can lead to less optimal
combustion if the fuel is not properly atomized.

Therefore, the comparison between untreated and
treated B40 fuel is important not only for evaluating fuel
saving efficiency but also for understanding the potential
contribution of the hybrid device to combustion
improvement. If the catalyst-assisted tests consistently
show lower FC values than the baseline, the hybrid
system can be considered to have a positive effect on
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fuel utilization. This provides a strong basis for further
analysis of the relationship between magnetic field

exposure, catalytic interaction, and combustion
efficiency enhancement.
TABLE 1.
EXPERIMENTAL FUEL CONSUMPTION TEST RESULTS
i . FC .
Test Condition Time (s) (mL/min) n (%)
Baseline No Catalyst 7200 10.00 —
PtO>-Nd
Test 1 N45 7802 9.23 7.70
PtO>-Nd
Test 2 N45 7924 9.09 9.10
PtO2-Nd
Test 3 N45 7741 9.30 7.00
Average Catalyst 7822 9.21 7.90

All tests conducted with the hybrid PtO.—CeO2/Nd-
N45 catalyst device installed demonstrated longer fuel
consumption times compared to the baseline condition.
This indicates a consistent reduction in fuel consumption
rate when the hybrid device was applied. The measured
FC values for the catalyst-assisted tests ranged from 9.09
to 9.30 mL/min, confirming improved fuel utilization
relative to the untreated fuel condition.

Among the catalyst-assisted tests, Test 2 exhibited
the lowest fuel consumption rate of 9.09 mL/min,
corresponding to the highest fuel saving efficiency of
9.10%. This result suggests that the hybrid catalyst
performance reached a favorable operating condition
during this test, potentially due to improved thermal
stabilization of the catalytic packed-bed. In contrast, Test
1 and Test 3 showed slightly higher FC values of 9.23
and 9.30 mL/min, with efficiencies of 7.70% and 7.00%,
respectively.

The variation observed among the three catalyst-
assisted tests can be attributed to transient factors such as
catalyst warm-up behavior, minor fluctuations in fuel
temperature, and flow stabilization within the magnetic
and catalytic zones. Nevertheless, all catalyst-assisted
tests consistently outperformed the baseline condition,
demonstrating the repeatability and effectiveness of the
hybrid device.

The average result of the three catalyst-assisted tests
yielded a fuel consumption rate of 9.21 mL/min,
corresponding to a mean fuel saving efficiency of 7.90%.

This average value provides a representative
indicator of the hybrid PtO»—CeO2/Nd-N45 catalyst
performance under steady-state operating conditions.
The reduction in fuel consumption confirms that the
integration of magnetic treatment and catalytic cracking
mechanisms contributes positively to improving B40
biodiesel combustion efficiency in diesel engine
applications.

The hybrid PtO.—CeO./Nd-N45 catalyst achieved a
consistent mean fuel saving to 9.21 mL/min. This result
aligns well with the CFD-predicted mechanisms,
indicating that the combination of magnetic treatment
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and catalytic activation can improve B40 biodiesel
utilization in diesel engine operation [21]. The
magnetization zone with a peak magnetic flux density of
2800 Gauss disrupts FAME molecular clusters through
magnetohydrodynamic (MHD) forces, thereby reducing
effective  viscosity and improving pre-injection
atomization characteristics [22].

The subsequent PtO—CeO: toroid packed bed
performs heterogeneous oxidative cracking of long-chain
FAME molecules (C16—C18), which may reduce
molecular chain length and improve fuel volatility and
combustibility [23]. The non-monotonic efficiency
trend—Test 1 (7.70%) — Test 2 (9.10%) — Test 3
(7.00%)—reflects catalytic warm-up behavior consistent
with the CFD temperature analysis [24]. The PtO>—CeO:
packed bed requires thermal stabilization to reach an
optimal light-off temperature range of approximately
323-348 K, explaining the peak efficiency observed in
Test 2 [25]. The slight decline in Test 3 may indicate
minor thermal equilibrium effects, surface saturation, or
early-stage micro-fouling under continuous operation
[26].

CFD simulation results, including a pressure drop of
AP = 2.30 bar, maximum temperature of 348.2 K below
the 353 K safety limit, and maximum catalytic reaction
rate of 2.00 x 10™* mol/m?s, validate the physical
feasibility of the hybrid device design [21], [24]. The
CeO: redox enhancement factor of 1.3x supports
sustained PtO: catalytic activity over multiple operating
cycles through reversible Ce*'/Ce*" oxygen storage and
release mechanisms [23], [25].

Figure 7 illustrates the comparison of fuel
consumption rate and fuel saving efficiency while all
tests using the PtO-—CeO2/Nd-N45 hybrid device show
lower fuel consumption rates. This trend indicates that
the hybrid magnetic—catalytic treatment contributes to
more efficient B40 biodiesel utilization during diesel
engine operation [27].

The reduction in fuel consumption rate from 10.00
mL/min to an average of 9.21 mL/min demonstrates that
the treated B40 fuel requires a lower volumetric flow
rate to maintain the same engine speed and load
condition. This improvement may be associated with
enhanced fuel atomization, better air—fuel mixing, and
more complete combustion caused by the combined
effects of magnetic field exposure and catalytic surface
interaction [28], [29].

As shown in Figure 7, Test 2 produced the best
performance, with the lowest fuel consumption rate of
9.09 mL/min and the highest fuel saving efficiency of
9.10%. This result suggests that the hybrid catalyst
reached a more favorable operating condition during the
second test, possibly due to thermal stabilization of the
catalytic packed-bed and improved activation of the
PtO>—CeO: surface reaction. Similar behavior has been
reported in catalytic fuel treatment systems, where
catalyst temperature and residence time strongly
influence reaction effectiveness [30], [31].
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Figure 7. Fuel consumption rate (mL/min) and efficiency (%) comparison across all test conditions.

The slight performance decrease in Test 3, where the
efficiency dropped to 7.00%, does not negate the overall
positive trend because the fuel consumption rate
remained lower than the baseline condition. This
variation may be influenced by minor fluctuations in fuel
temperature, flow behavior inside the packed-bed region,
catalyst surface saturation, or early-stage deposit
formation during continuous operation [32]. Therefore,
repeated tests under longer operating durations are
recommended to further evaluate durability, catalyst
stability, and long-term consistency [33].

From an environmental perspective, the reduction in
B40 fuel consumption has important implications. Lower
fuel consumption generally reduces the total amount of
fuel burned for the same engine output, which may
contribute to lower total exhaust gas formation and
reduced carbon-based emission potential. However,
because direct emission parameters such as CO, COq,
HC, NOx, and particulate matter were not measured in
this study, the environmental benefit should be
interpreted as an emission-reduction potential rather than
a confirmed emission reduction [34].

Overall, Figure 7 confirms that the hybrid PtO.—
Ce02/Nd-N45 device provides measurable improvement
in fuel consumption performance. The average fuel
saving efficiency of 7.90% supports the feasibility of
applying magnetic—catalytic fuel treatment as a non-
invasive method for improving B40 biodiesel
combustion efficiency in diesel engines. Future studies
should include direct exhaust emission measurements,
multi-load engine testing, long-duration operation, and
catalyst characterization before and after testing to
provide stronger validation of the environmental
performance of the proposed system [35].

Based on the overall experimental and CFD findings,
the hybrid PtO—CeO2/Nd-N45 fuel treatment system
demonstrates promising potential as an environmentally
oriented approach for improving B40 biodiesel
combustion efficiency in diesel engines. The observed
reduction in fuel consumption indicates that the same
engine operating condition can be maintained with a
lower amount of fuel input, suggesting more efficient
conversion of fuel energy into useful engine output. This

improvement is important because fuel efficiency is
closely related to operational cost, fuel availability, and
environmental sustainability, especially in diesel engine
applications used for industrial and remote power
generation.

The integration of magnetic treatment and catalytic
activation provides a complementary mechanism for
enhancing B40 fuel characteristics before combustion.
The magnetic zone is expected to improve fuel molecular
dispersion and flow behavior, while the PtO,—CeO:
catalytic packed bed supports the breakdown of long-
chain FAME molecules and promotes better
combustibility. As a result, the treated B40 fuel may
enter the combustion chamber with improved
atomization tendency and more favorable combustion
characteristics. These combined effects help explain the
consistent reduction in fuel consumption observed during
the catalyst-assisted tests.

In addition, the hybrid system may contribute to more
stable fuel delivery before injection by reducing flow
resistance and improving the interaction between fuel
molecules and the treatment surfaces. The magnetic field
exposure may help weaken intermolecular attractions
within the biodiesel blend, while the catalytic surface
provides an active contact medium that supports fuel
conditioning before combustion. This pre-combustion
treatment is important because the combustion quality of
biodiesel blends is strongly influenced by fuel
preparation prior to injection into the cylinder.In
addition, the hybrid system may contribute to more
stable fuel delivery before injection by reducing flow
resistance and improving the interaction between fuel
molecules and the treatment surfaces. The magnetic field
exposure may help weaken catalytic zone.

From an operational point of view, this mechanism is
advantageous because the device can be installed
externally in the fuel line without requiring direct
modification of the combustion chamber, injector, or
engine control system. Therefore, the proposed system
has potential as a practical retrofit technology for diesel
engines operating with biodiesel blends. However, the
effectiveness of the system still depends on several
parameters, including magnetic field strength, catalyst
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geometry, fuel residence time, flow rate, and engine
operating condition.

The consistency of the reduced fuel consumption
across the catalyst-assisted tests suggests that the hybrid
treatment produced a measurable effect under the
experimental condition. Although the efficiency values
varied among the three tests, all treated conditions
showed better fuel consumption performance than the
baseline. This confirms that the magnetic—catalytic
interaction can provide a positive contribution to B40
fuel utilization and supports further investigation into its
long-term performance and environmental benefits.

The improved combustion tendency may also reduce
the possibility of incomplete combustion under the tested
operating condition. When the fuel is better dispersed
and more easily vaporized, the air—fuel mixture inside
the combustion chamber can become more
homogeneous. A more homogeneous mixture generally
supports smoother flame propagation and more efficient
heat release during the combustion process. This
condition may explain why the catalyst-assisted tests
were able to maintain the same load with lower fuel
consumption.

From an environmental perspective, the lower fuel
consumption obtained in this study may contribute to a
reduction in total fuel-related exhaust formation for the
same engine load. However, because this study did not
directly measure exhaust emissions, the environmental
benefit should be interpreted carefully as an emission-
reduction potential rather than a confirmed emission
reduction. Direct measurement of CO, CO., HC, NOx,
and particulate matter is still required to verify the actual
environmental performance of the hybrid catalytic—
magnetic fuel treatment system.

In addition, the results suggest that the proposed
device has practical potential because it can be installed
inline on the existing fuel supply system without
requiring major engine modification. This non-invasive
installation concept makes the system attractive for
possible application in existing diesel engines,
particularly where B40 biodiesel is used as the main fuel.
Nevertheless, further investigation is necessary to
evaluate long-term durability, pressure drop stability,
catalyst surface condition, and performance consistency
under various engine loads and operating durations.

Overall, the experimental data and CFD analysis
indicate that the hybrid PtO.—CeO2/Nd-N45 device can
improve B40 fuel utilization and support a more
environmentally oriented diesel engine operation. The
findings provide an initial basis for further development
of magnetic—catalytic fuel treatment technology as a
supporting strategy for biodiesel implementation. Future
studies should place greater emphasis on direct emission
testing, extended endurance operation, and optimization
of catalyst geometry, magnetic field arrangement, and
fuel residence time to obtain stronger evidence of
environmental and technical benefits.

IV. CONCLUSION

This study successfully designed, simulated, and
experimentally validated a hybrid Pt engine. The
proposed system combines magnetic fuel treatment and
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catalytic activation in a single inline device, allowing the
B40 fuel to be conditioned before entering the injection
system. Based on the experimental and numerical results,
the hybrid device demonstrated measurable improvement
in fuel utilization under steady engine operating
conditions.

The key conclusions of this study are as follows:

1) The hybrid PtO-—CeO2/Nd-N45 device achieved a
mean fuel saving efficiency of 7.90% on a Yanmar
TF 85 MR diesel engine operated at 1800 RPM and
1 kW load. The fuel consumption rate decreased
from 10.00 mL/min under baseline conditions to an
average of 9.21 mL/min with the hybrid catalyst
device installed. This result confirms that the
hybrid fuel treatment system can improve B40
biodiesel utilization without requiring major
modification to the diesel engine.

2) The CFD simulation using ANSYS Fluent 2024 R1
confirmed the physical feasibility of the device
design. The numerical results showed a peak
magnetic field of 2800 Gauss, total pressure drop of
AP = 2.30 bar, maximum catalytic reaction rate of
2.00 x 107* mol/m?-s, and maximum temperature of
348.2 K, which remained below the safety limit of
353 K. These findings indicate that the device can
operate within acceptable hydraulic and thermal
conditions for diesel fuel line application.

3) The synergistic triple-action mechanism consisting
of MHD magnetization, PtO. oxidative cracking,
and CeO: redox promotion provides a practical and
non-invasive approach for improving B40 fuel
characteristics before combustion. The magnetic
zone supports physical conditioning of the fuel,
while the PtO>—CeO: catalytic packed bed promotes
surface interaction and possible breakdown of long-
chain FAME molecules. This combined mechanism
contributes to better fuel utilization and more
efficient combustion behavior.

4) From an environmental perspective, the reduction
in fuel consumption indicates a potential
contribution to lower fuel-related exhaust formation
for the same engine output. However, because this
study did not directly measure exhaust emission
parameters, the environmental benefit should be
interpreted as emission-reduction potential rather
than confirmed emission reduction. Therefore,
direct measurement of NOx, HC, CO, CO., and
particulate matter is required in future studies to
verify the actual environmental performance of the
proposed system.

5) The hybrid PtO-—CeO2/Nd-N45 device shows
potential as a retrofit fuel treatment technology for
diesel engines operating with B40 biodiesel. Its
inline installation concept allows application
without significant modification to the combustion
chamber, injector, or engine control system. This
characteristic makes the system promising for
practical implementation in stationary diesel
engines, marine diesel engines, and other diesel-
powered applications using biodiesel blends.

6) Future work should include extended durability
evaluation, multi-load and multi-speed engine
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testing, direct exhaust emission measurement, and
post-operation catalyst characterization. Further
optimization of catalyst geometry, magnetic field
arrangement, fuel residence time, and pressure drop
behavior is also recommended to improve the
overall performance and reliability of the hybrid

system. These additional investigations are
necessary to strengthen the technical and
environmental validation of the proposed

magnetic—catalytic fuel treatment device.
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