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ABSTRACT

BACKGROUND: The use of ammonia (NH3) as a diesel fuel additive is of great interest for addressing environmental and
operational challenges, such as reducing harmful emissions and improving engine efficiency. However, the influence
of ammonia on vibration parameters of diesel engines is still understudied, thus requiring detailed research.

AIM: This study aims to analyze the influence of ammonia (NH3) as a diesel fuel additive on vibration parameters of a diesel
engine using an artificial neural network (ANN) designed to predict these parameters.

METHODS: The study employs modeling methods based on neural networks. TensorFlow and Keras frameworks were used
to develop and train the neural network. Parameters of the engine (engine bore, speed, compression ratio, etc.) and fuel
mixtures containing 5%, 10%, and 15% NH3 were used as inputs. The model's accuracy was assessed based on experimental
data.

RESULTS: The developed ANN showed high vibration prediction accuracy (up to 98.67%). Experimental data showed that
increased ammonia additive ratio in the fuel mixture results in increased engine vibration. The highest vibration amplitude
was 11.67 m/s? at 15% NH3. The results indicate potential risks of lower engine performance when using ammonia, despite
its environmental advantages.

CONCLUSION: The study showed that ammonia additives in diesel fuel increase engine vibration, which could affect its reliability
and durability. Despite the high accuracy of neural network predictions, the observed increase in vibration requires further
investigation. Additional research is required to ensure the safe use of NH3 as a fuel additive by focusing on optimal mixture
proportions and the influence of other factors, such as pressure and temperature.

Keywords: ammonia (NHs); diesel fuel; engine vibrations; neural network; environmental additives; prediction; vibrational
activity.
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WHHOBALMOHHBIK NOAXO0A K UCC/Ie40BAHUIO BAUAHUSA
aJibTepHaTUBHbIX BUAOB TONJIUBaA Ha BMGPO&KTMBHOCTb
ABUratesien BHYTPEHHEero cropaHua

E.B. Tenbnus, B.I'. Poibauyk

MocKoBCKUIM nonuTexHUYecKuii yHuBepcuteT, Mocksa, Poccus

AHHOTALMUA

06ocHoBaHue. Mcnonb3oBaHue amMmuaka (NHs) B KauecTBe f06aBKM K AW3eNbHOMY TOMAMBY NPEACTaBNAET 3HAYUTENbHBIA
WHTEpeC AJ191 PeLUeHMs IKONOrMYECKUX U KCTTyaTaUMoHHbIX NPo6ieM, TakuX Kak COKpalLieHue BbibpocoB BpeHbIX BELLECTB
1 noBblweHve apdekTMBHOCTM apuratenei. OgHaKo BIMsiHME aMMMaKa Ha BMOPALMOHHbIE XapaKTEPUCTUKM AW3embHbIX
ABUraTeneii 0CTaéTcA ManoNU3yYeHHbIM, 4To TpebyeT AeTanbHOro MccneaoBaHus.

Lienb pabotbl — aHanu3 BinsHus aMmuaka (NH;) B kauecTBe f06aBKM K AM3eNbHOMY TOMIMBY Ha BUOPALIMOHHBIE XapaKTe-
PUCTUKM OU3€NbHOr0 ABMraTess C NMOMOLLbI0 MCKYCCTBEHHOM HelpoHHoM ceTn (MHC), paspaboTtaHHoii ans nporHo3upoBaHus
3TUX NapameTpoB.

MeTogapl. B pabote ucnonb3oBaHbl METOALI MOAENMPOBAHUS HAa OCHOBE WCKYCCTBEHHOW HEMpOHHOW ceTu. [lna cospaHus
1 0byyeHus HelipoceT NpuMensnch dpeimBopku TensorFlow u Keras. B kayecTBe BXoAHbIX AaHHBIX UCMOJb30BaMCh Na-
paMeTpbl ABuraTesnis (4UaMeTp UMAMHAPA, YacToTa BpaLleHus, CTeNeHb CHaTUA U [p.) U XapaKTepPUCTUKM TOMIMBHBIX CMeCeH
c copepxanneM NHs (5%, 10%, 15%). TouHoCTb MOLENM OLEHMBANAach Ha OCHOBE 3KCMEPUMEHTANbHBIX JaHHBIX.
Pesynbratbl. PaspabotanHas WMHC npopeMoHCTpUpoBana BbICOKY0 TOYHOCTb MPOrHO3MpOBaHWMS BWOpauuMi, AocTuras
98,67%. IKcnepuMeHTanbHbIe faHHbIe MOKa3anu, YTo YBESMYeHWe KOHLEHTPaLMM aMM1aKa B TOMIMBHOW CMecu NpUBOAUT
K pocTy BMOPALMOHHON aKTMBHOCTU ABuratens. MakcuManbHas amnauTyaa Bubpaunm coctasuna 11,67 M/c? npu KoHueH-
tpaumn NH3z 15%. MonyyeHHble pe3ynbTaTbl yKa3blBaloT Ha NOTEHLMANbHBIE PUCKM YXYALIEHNS IKCMTyaTaLUMOHHBIX XapaKTe-
PUCTUK BUraTens npy UCNosib30BaHUM aMMUaKa, HECMOTPSA Ha ero 3KO0rMYecK1e NpenMyLLeCTBa.

3aksnioueHue. Mccnenosanune noKasano, Yto AobaBneHe aMMUaKa B AW3eNbHOE TOMIWMBO NPUBOAMT K MOBBILLEHUIO BUOpa-
LIMOHHOM aKTMBHOCTM [BUraTesisi, YTO MOXKET HEraTUBHO CKa3aTbCA Ha ero HafeXHOCTU U JonroBeyHocTU. HecMoTps Ha BbI-
COKYH0 TOYHOCTb MPOrHO3a HEMpOHHOW CeTH, BbISIBNIEHHOE yBeNWYeHWe BuBpauuu TpebyeT AOMONHUTENBHOMO M3YYeHus.
[na besonacHoro npumeHenus NH; B KauecTBe TONNMBHOW [06aBKM HeobXonMMbl AanbHEMILME UCCNEA0BaHMSA, HanpaB-
NeHHble Ha OMTUMM3aLIMI0 COCTaBa CMECU U U3YYeHWe BIMAHWA ApYrux GaKTOpOB, TaKWUX KaK AaBNeHWe U TeMnepaTypa.

Kniouesble cnoBa: ammmnak (NH;); an3enbHoe TonnuBo; BUOpaLuW ABUraTens; HeMpOHHas CeTb; IKONOrMyeckue A06aBKy;
NpOrHo3upoBaHue; BUOPOaKTUBHOCT.

Kak uutnpoBartb:
Tenbnu3 E.B., Puibauyk B.I". MHHOBaLWOHHBIMA MOAX0S, K MCCNeL0BaHMI0 BAMSHUA abTEPHATUBHbIX BUAOB TOM/MBA HA BUOPOAKTVBHOCTb ABUMaTENeN BHYTPEH-
Hero cropaHus // TpakTopbl U cenbxo3matuimtbl. 2025. T. 92, Ne 2. C. 107-115. DOI: 10.17816/0321-4443-643273 EDN: DHHPGQ

Pykonucb nonyuena: 21.12.2024 Pykonucb opno6peHa: 05.03.2025 Ony6nukoBaHa online: 22.05.2025

Cratba poctynHa no nvueraun CC BY-NC-ND 4.0 International

© 3Ko-BekTop, 2025 ;

QKO®BEKTOP


https://doi.org/10.17816/0321-4443-643273
https://doi.org/10.17816/0321-4443-643273
https://elibrary.ru/dhhpgq
https://elibrary.ru/dhhpgq
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

IKOJOTHECKW Y/CTBIE TEXHOSOM AN
1 O6OPYIOBAHWE

BACKGROUND

The use of ammonia (NH;) as a fuel additive
is an important research area for solving modern
environmental and operational problems of energy and
vehicle technology sectors. In the context of increased
energy consumption and associated increased greenhouse
gas emissions, ammonia has unique advantages that
can improve engine efficiency and reduce its negative
environmental impact.

Key relevance factors of this study include
the increased exposure to harmful emissions associated
with the combustion of conventional hydrocarbon fuels.
Some research show that ammonia is a carbon-free
compound significantly reducing nitrogen oxide (NO,)
and other pollutant levels. For example, Kobayashi
et al. [7] described how the use of NH; during
the combustion reduces emissions and improves engine
performance.

In addition to environmental aspects, research
shows that ammonia can improve the calorific value
of fuel mixtures. NH; may be used as a hydrogen carrier
and help improve combustion leading to the increased
overall engine performance. However, regardless
of the available data on the benefits of NH,, available
studies often disregard its influence on vibration
parameters of diesel engines, requiring detailed research
in this area.

As pure ammonia is fairly toxic, experimental studies
involving its use and mixing pure ammonia with fuel
for combustion are highly complicated. Therefore, the
analysis of the available powertrain and fuel mixture
parameters of a specific engine for possible vibrations
using an artificial neural network (ANN) is a perfect
alternative to conventional engine bench tests with
vibration sensors.

Solving this problem requires the development
of a sufficiently trained ANN that can predict the influence
of diesel additives, such as ammonia, on engine vibration
depending on the fuels used in the mixture.

Thus, this study is relevant and unique as it offers new
approaches allowing to analyze the influence of additives
on the vibration of diesel engines. This study will allow
to develop more efficient and environmentally friendly
fuel mixtures and reduce dependence on conventional
hydrocarbon energy sources.

AIM

This study aims to analyze the influence of innovative
diesel fuel additives, such as ammonia (NH,),
on the vibration of a diesel engine. Given contemporary
requirements to low emissions of harmful substances
and improved engine efficiency, NH; research is
of particular interest to the energy sector.

Tom 92, N 2, 2025

DAl https://doiorg/10.17816/0321-4443-643273

TpaHTOpb\ M CENbXO3MallWHbI

In addition to the applicable empirical relationships
of vibration and engine dynamics and the parameters
of studied fuel mixtures, vibration studies of engines
running on conventional and alternative fuel will be
used as inputs for the neural network. This approach
allows to verify the neural network outputs and assess
the potential benefits of ANN used to analyze engine
vibration parameters.

Thus, the main aim of the paper is to determine
the influence of additives on the vibration of diesel
engines and to confirm the hypothesis that the NH,
additive both reduces emissions and affects the engine
performance.

METHODS

To achieve the aim of this study, i.e. to analyze the
influence of ammonia (NH,) as a diesel fuel additive on
engine vibration properties, we developed an approach
that involves the development and training of an artificial
neural network (ANN) and the prediction of diesel engine
vibration test results for fuel mixtures with different
ammonia levels.

Modeling a process using an artificial
neural network

Neural networks are mathematical models operating
as real neurons in the human brain. They have multiple
layers and each layer contains neurons that connect
to other layers. During the training, the network
adjusts connections between neurons to find data
dependencies. For example, in this study, the neural
network determines how engine and fuel parameters
affect vibration amplitude. This ability to find nonlinear
relationships makes neural networks indispensable
predictors for complex systems, including internal
combustion engines.

In tests conducted at the Wroctaw University
of Science and Technology [1], vibration acceleration
of the tested engine was determined in different
operational modes. These data, together with engine
design parameters and fuel properties, allow to define
a running engine model to determine relationships
of parameters.

To read the values, the neural network requires
input data, i.e. a file containing row-by-row parameters
of the engine state at a particular time. The data
set size may vary depending on the frequency and
the duration of vibration sensor measurements. In our
case, the measurement frequency was 8.5 kHz, which,
with a measurement duration of 10 seconds, provides
a data set of 85,000 rows. During engine operation, its
design parameters and fuel properties (in short-term
tests) do not change; therefore, in a measurement set that
corresponds to a certain engine speed, only the vibration

109



110

ENVIRONMENTALLY CLEAN
TECHNOLOGIES AND EQUIPMENT

amplitude will differ—and it will be different for each
sensor measurement. When switching to the next engine
operating mode, the crankshaft speed also changes.
This, together with the vibration sensor measurements,
will provide another data sample.

This data format is required for the neural network
to read the parameter variations. An example of such
data format is shown in Table 1; it includes two random
rows from the total sample of engine operation data
at a crankshaft speed of 1,200 rpm.

An important initial task is to prepare, normalize, and
adjust the data to a common format and type (in this
case, FLOAT [floating point numbers]). Data normalization
involves transforming the inputs so that their values belong
to a common scale with the range from 0 to 1. This step
is extremely important when training a neural network
as it improves the model convergence and prevents
numerical instability. If the parameters (properties) used
have different ranges (e.g. the engine speed is measured
in ‘000 rpm and the compression ratio is measured
in digits), the model may prioritize the parameters
with the highest absolute value. Normalization process
solves this issue.

After splitting and normalizing, the data were
formatted so that they were easily understood by machine
learning tools, including TensorFlow or Keras. Each
input parameter (e.g. bore diameter or fuel viscosity)
corresponded to a separate neuron in the input layer of
the model. A single output neuron predicted the engine
vibration amplitude for a given set of input parameters.
These actions are key to successful training of the neural
network as they ensure the correct operation of machine
learning algorithms, minimization of errors associated
with incorrect data preparation, and an unbiased quality
assessment of the model.

The vibration data have a temporal structure, i.e. it
represents values obtained over certain time intervals;
thus, a recurrent neural network was initially chosen
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to the successful training of the model. This ensured
the stable operation of machine learning algorithms,
mitigated the risk of errors caused by insufficient data
processing, and provided for an unbiased and reliable
model quality assessment.

Fig. 1 shows the layered structure of the neural
network.

The number of input layer nodes is determined
by the parameters used in the study; the parameters,
in turn, are determined by the depth of the available data
and computational power.

Cloud computing plays a key role in contemporary
machine learning research. Renting a cloud server allows
researchers to use high-power computing resources
without having to invest in their own hardware. Training
a neural network is a fairly resource-intensive process;
therefore, a cloud server was rented from Selectel
to perform computational tasks required to train
the neural network.

The server was running on Ubuntu operating system
compatible with common machine learning libraries,
such as TensorFlow and Keras. All data, including 12 key
parameters (e.g. engine speed and fuel viscosity), were
prepared, normalized, and downloaded in CSV (Comma-
Separated Values) format. These data were used to train
a neural network with optimized hyperparameters,
allowing to achieve high prediction accuracy. Computing
power ensured efficient data processing and reduced
model training time; it allowed us to focus on data
analysis and eliminated the need to solve infrastructure
problems. Thus, the study was completed within
the specified period.

The number of neurons in the input layer directly
depends on the number of studied parameters. In this
case, these are parameters describing the engine design,
fuel properties, and vibration amplitude as the target
variable. For example, Table 1 lists 12 input parameters:
1. Engine bore

for the study. However, due to the large number of 2. Crankshaft speed

parameters, we have decided to use a fully connected 3. Stroke

neural network as it is more suitable for regression and 4. Compression ratio

prediction, allows to efficiently process multidimensional 5. Piston weight

data, and generates accurate outputs. All data 6. Crankshaft moment of inertia

preparation steps performed in the study proved critical 7 Exhaust valve diameter

Table 1. Parameters of the input layer of the neural network

Ta6nuua 1. MapaMeTpbl BXOLHOIO €0 HEMPOCETM
Engine Crankshaft . Piston Crankshaft | - Exhaust Fuel Fuel Vibration

Stroke | Compression : moment valve . o Cetane i
bore speed i weight I . density viscosity amplitude
(mm) (rom) (mm) ratio 0 of inertia | diameter (ka/m?) (mm2/s) number (mm)
P g (kgm?) (mm) g
696 1,200 82 176 310 0.2 305 820 3 50 1.64875
696 1,200 82 176 310 0.2 305 820 3 50 1.60124
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Input Intermediate
layer layer 1

Fig. 1. A diagram of the layered structure of a neural network.
Puc. 1. CxeMa NocnonHon CTPYKTYpbl HEMPOCETH.

8. Fuel density

9. Fuel viscosity

10. Fuel cetane number

11. Fuel calorific value

12. Vibration amplitude (target variable).

These parameters provide a detailed description
of the system and allow the neural network to learn
complex relationships.

Activation functions introduce nonlinearity to the data
processing at each network layer. This allows the neural
network to effectively process the data where the input
and output relationship is nonlinear, similar to engine
parameters and vibrations.

Activation functions play a key role in the operation
of neural networks as they allow models to capture
complex nonlinear data relationships. Without activation
functions, any neural network would be reduced to a
simple linear model this would significantly limit its
ability to solve complex problems, such as predicting
engine vibrations based on multiple inputs.

Configuration of the neural network used the RelLU
(Rectified Linear Unit) function providing an acceptable
balance of predictive accuracy and computational
efficiency. Due to its shape, the ReLU function effectively
extracts significant data patterns, which is especially
important when processing a lot of input parameters, as
is the case in our study.

When using biodiesel fuel parameters, outputs of
the artificial neural network model were as close as
possible to the experimental data that had been obtained
during tests at the Wroctaw University of Science and
Technology [1]. This confirms that the model is consistent
with real-life data and able to accurately reproduce
the complex processes occurring in the engine. During
the pre-training stage, the data was divided into two

DAl https://doiorg/10.17816/0321-4443-643273

Intermediate
layer 2 layer

groups, i.e. a training set (70% of the total size) that
was used to fine tune the model and a test set (30%)
designed to test the training set’s performance on new
observations that were not used for training.

The model training was focused on reducing the mean
square error widely used in linear regression problems
as the main quality metric of predictions.

This metric is calculated as follows. For each
observation, the difference between the predicted and
actual values is calculated then this difference is squared
to eliminate possible negative values, and the result is
averaged over the entire data set. This approach allows
to effectively estimate the overall error of the model and
seek to minimize it.

At the training and validation stages, the model
accuracy was 98.67%. It shows both the high prediction
accuracy and the model’s consistency with real-
life experimental data, which is especially important
for its application in studies of complex systems.
The data predicted by the neural network have proven
to be correct therefore, the model is a reliable tool for
further research involving the analysis of the influence
of various parameters on engine vibration properties.
A comparison of experimental and predicted data is
shown in Fig. 2.

Prediction of ammonia-related
engine vibration

To predict engine vibration in cases with ammonia
additives in diesel fuel, we did three iterations of
calculations by simulating engine operation with 5%,
10%, and 15% ammonia by volume added to the fuel
mixture. These ratios were chosen based on specified
safe levels of ammonia in fuel systems and its influence
on combustion processes. At each iteration, the input fuel
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parameters were changed, including density, viscosity,
and cetane number, to match the physicochemical
properties of the mixture at each ammonia level.
The remaining input parameters related to the engine
design were kept constant, allowing to only focus
on the effect of fuel proportions.

At the first calculation stage, the neural network
predicted marginal vibration changes for a mixture with
5% ammonia additive ratio compared to pure diesel
fuel due to minor calorific value and mixture viscosity
changes. At 10% ammonia additive ratio, the prediction
showed an increased vibration amplitude, which may
be associated with impaired ignition and heterogenic
mixture properties. The predicted diagram of engine
vibration accelerations is shown in Fig. 3. In the third
iteration with 15% ammonia additive ratio, the model
predicted a more significant change in vibration,
indicating increased vibration loads on the engine. These
outputs highlight the need for careful optimization of fuel
proportions and engine fine-tuning for each ammonia
level to reduce negative impact on engine durability
and stability.

Analysis and comparison
of results

Our study showed that with increased ammonia (NH,)
additive ratio in the fuel mixture, engine vibration tends
to increase. This effect is associated with changes in
combustion behavior caused by the physicochemical
properties of ammonia.

For example, NH; has a lower calorific value
compared to diesel fuel, affecting ignition behavior and
flame propagation.

With 5% ammonia additive ratio, the basic engine
vibration parameters remain generally the same.

a (m/s?)

1200 1500
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A slightly increased amplitude is associated with
a change in the mixture density and viscosity. However,
these changes are not critical for the overall engine
operation.

At 10% ammonia additive ratio, a noticeable
increase in vibration amplitude is observed. This is
associated with lower combustion stability and may
result in uneven pressure distribution in the cylinders
and additional dynamic loads on the piston block and
the crank gear.

The highest increase in vibration was recorded
at 15% additive ratio. The vibration amplitude reaches
11.67 m/s? indicating significant changes in the
combustion behavior. Unstable ignition and higher
combustion rate of the NH; mixture create additional
vibration loads that may lead to accelerated wear
of engine components.

We focused on the relationship of vibration and
engine speed. We found that in all tested NH; additive
ratios (5%, 10%, 15%), the vibration amplitude decreased
as the engine speed increased from 1,200 to 2,400 rpm.
The highest vibration levels were observed at 1,200 rpm,
which corresponds to engine idling. Vibration increases
as NH; additive ratio in the fuel mixture increases it
is associated with uneven combustion typical of high
ammonia level.

The described relationships are shown in Fig. 4.

CONCLUSION

The study was designed to investigate the influence
of ammonia (NH,) additives in diesel fuel on the vibration
parameters of a diesel engine. It shows that the use
of 5%, 10%, and 15% NH, resulted in increased vibration.
Analysis of the predicted data shows that the acceleration

Bt result
N prediction

1800 2100 2400

n (rpm)

Fig. 2. Comparison of experimental and forecast data on vibration activity of a biodiesel engine (vertically: the acceleration value of the engine; horizontally:

the rotational speed of the crankshaft of the engine).

Puc. 2. CpaBHEHME KCNepUMeHTaNbHbIX U NPOrHO3HbIX AaHHbIX BMGpO&KTMBHOCTVI ABurartend, pa60TaIOI.LI,EFO Ha broaumsene (no BEPTUKaNU — 3Ha4yeHune
YCKOpeHUA ABuratend; no ropu3oHTasM — 4actota BpallleHMA KOJieHYaToro Bana nBuratens).
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-3,0
-40

-5,0

-6,0

Fig. 3. The forecast diagram of the vibration acceleration of the engine when
running on a fuel mixture of 10%NH; (acceleration values are displayed
vertically, similar to the measurements obtained from the vibration sensor).
Puc. 3. MporHosHasi fmarpaMMa BUBPOYCKOpEHWIA BuraTens npu pabote
Ha TonsmeHon cMecy 10%NH; (Mo BepTMKanyu oTobpakeHbl 3Ha4YeHMUS YCKO-
peHus, NofobHbIE M3MEPEHUsIM, MOMTYHYEHHBIM € BMOPOaATUMKa).

amplitude reaches 11.67 m/s? at the highest ammonia
additive ratio in the mixture (15%). This highlights that
ammonia additive affects engine behavior, indicating
the need for further research.

The study disputes the expected effectiveness of
NH; as a means of improving engine performance

12 7]

a (m/s?)

1200

1500
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and reducing harmful emissions. Increased vibration
associated with increased ammonia level may affect the
operational reliability and durability of the powertrain.
This increase is caused by changes in the physicochemical
properties of the fuel, resulting in uneven combustion
and, therefore, increased vibration loads on the engine
structure.

It should be noted that artificial neural networks
(ANN) used to simulate vibration parameters showed
high prediction accuracy (nearly 99%). However, despite
the high accuracy of the model, its predictions do not
always correlate with actual operating data, especially
as ammonia level increases above 10%.

This discrepancy may be caused by model restrictions
and complexity of describing all combustion aspects of
ammonia mixtures.

The results highlight the importance of further
research aimed at in-depth understanding of the
physicochemical properties of NH;-added fuels and their
influence on diesel engine performance. The research
should focus on studying the influence of factors such
as pressure, temperature, and various fuel proportions
on engine operation stability. These factors can have a
significant impact on the fuel combustion behavior, heat
exchange, and vibration.

In the premises, this study creates advanced
research areas for further study of possible use of
ammonia as a fuel additive. However, the identified risks
of increased vibration highlight the need for a cautious
and comprehensive approach to the use of NH; as
a diesel fuel component. To achieve this goal, it is
required to develop technologies capable of mitigating
the negative effect of ammonia and further optimize the
fuel mixtures to ensure their environmental safety and
stable engine operation.

I 5 NH,
I 10% NH,
I 15% NH,

1800
n (rpm)

2100 2400

Fig. 4. Comparison of vibration activity levels depending on the Nh; content in the fuel mixture (vertically: the acceleration value of the engine; horizontally:

the rotational speed of the crankshaft of the engine).

Puc. 4. CpaBHeHMe ypoBHel BUBPOAKTMBHOCTM B 3aBUCUMOCTY OT cofiepaHus NHs B TonnnBHoii cMecu (Mo BepTUKaNN — 3HaueHue YCKOPEHUS ABUraTens;

N0 ropu3oHTasIM — 4acToTa BpaLleHna KonieH4aToro Bana ABUratens).
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