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Abstract:

Liquid hydrocarbon fuels and fuel compositions based on them tend to lose structural
homogeneity during storage, leading to the formation of sediment and agglomerates that ac-
cumulate in storage tanks. This problem becomes particularly significant for synthetic fuels
produced through the recycling of plastic waste and used automobile tires, as such fuels may
contain atypical contaminants, including compounds such as formaldehyde. Ensuring homo-
geneous fuel composition is therefore essential for efficient and stable combustion processes.
This paper presents an innovative technology for the dynamic homogenization of liquid fuels and fuel
mixtures using a specialized device integrated directly into the fuel pipeline. The proposed system
consists of an accelerating hydrodynamic section, a vortex-generation module, and a turbulence am-
plification unit connected to the inlet of the high-pressure pump of an internal combustion engine.
The technology implements a sequential dynamic homogenization process in which con-
trolled turbulence and vortex flow formation significantly reduce the particle size within the
fuel mixture to below one micron. As a result, the fuel acquires properties comparable to
a nanoscale homogenized emulsion, which improves fuel stability and combustion efficiency.
The proposed principle can be applied not only to internal combustion engines but also to fuel
supply systems in boilers, burners, turbines, and other thermodynamic equipment, where main-
taining fuel homogeneity contributes to improved operational performance and energy efficiency.
Keywords: Liquid fuel; Dynamic activation of liquid fuel; Sequential dynamic
homogenization process; Thermodynamic effect of using homogenized fuel; Fuel compositions
based on liquid hydrocarbon fuels; Homogenization process using an innovative dynamic
homogenization device performing homogenization directly within the pipeline through
which the fuel or fuel mixture flows; Transformation of the homogenized liquid fuel or fuel
mixture flow into a hydrodynamic vortex tube
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The necessity of the
homogenization process

Any type of liquid hydrocarbon fuel, and
especially fuel compositions based on liquid
hydrocarbons, tends to lose its homogeneity
during storage. As a result, agglomerates and
sediments form, primarily at the bottom of
tanks in which the fuel or fuel mixture is stored.

Ensuring homogeneity becomes even
more problematic for various types of syn-
thetic liquid fuels, particularly those ob-
tained through the recycling of waste plastics
or used automobile tires. Such fuels often
contain a wide range of additional and atypi-
cal contaminants for conventional fuel com-
positions, for example formaldehyde. This
further increases the necessity for homogeni-
zation, at least prior to fuel injection into the
combustion chamber or during the combus-
tion process itself.

The elimination of this heterogeneity can
be achieved most efficiently and conveniently
through the application of a homogenization
process using an innovative dynamic homog-
enization device that performs homogeni-
zation directly within the pipeline through
which the fuel or fuel mixture flows.

Dynamic homogenization process

First, it is necessary to briefly describe the
properties, operational characteristics, and
technological novelty of the proposed solution.

The device for dynamic homogenization
of liquid fuel and fuel mixtures consists of an
accelerating hydrodynamic section transi-
tioning into a second coaxial hydrodynamic
section equipped with an integrated vortex
generator. This section further transitions
into a hydrodynamic turbulence amplifi-
cation module connected to the inlet of the
high-pressure pump of an internal combus-
tion engine.

Within the dynamic homogenization de-
vice, the liquid fuel or fuel mixture is divided
into two streams. The first stream (approx-
imately 60% of the total flow) enters the
accelerating hydrodynamic section under
a pressure of at least 3 bar (45 psi). Acceler-
ation occurs under the influence of system
elements that initiate the formation of coax-
ial Bernoulli-type effects. The second stream
(approximately 40% of the total flow) enters
the second hydrodynamic section, which is
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arranged coaxially with the first section, also

under a pressure of at least 3 bar (45 psi).

Inside the device, a dynamic sequential
homogenization of the liquid fuel or fuel mix-
ture occurs. During the first stage, homoge-
nization is achieved through controlled tur-
bulence within the pipeline. Such a process is
absent in all currently known homogenization
devices and technologies, representing one of
the principal elements of technological novel-
ty. This novelty is confirmed in the core intel-
lectual property documents of the company
that developed and owns the technology.

After this stage, the homogenized flow of
liquid fuel or fuel mixture is transformed into
a hydrodynamic vortex tube due to the action
of the integrated vortex generator and is direct-
ed toward the high-pressure pump of a diesel
engine or any other internal combustion en-
gine operating at pressures of approximately
2000-3000 bar (29,000—43,500 psi). At this
stage, the second phase of dynamic homog-
enization occurs within the flow. As a result,
the particle size in the homogenized stream is
reduced to less than one micron. According to
the key parameters of the flow, the fuel effec-
tively becomes a homogenized liquid equiva-
lent in properties to a nanoscale emulsion.

A similar operational principle can be
applied in fuel supply systems of boilers,
burners, turbines, and other thermodynamic
equipment.

The homogenization process takes place
in less than one second and does not disturb
the natural interrelations within the homog-
enized liquid fuel or fuel mixture.

The process occurs at a stable tempera-
ture or, under certain operating ratios, may
even lead to a reduction in the temperature
of the combustible liquid or fuel mixture.

The entire dynamic homogenization pro-
cess is achieved through the creation of spe-
cific turbulent hydrodynamic conditions in
the fuel or fuel mixture flow, without disrupt-
ing the chemical and physical equilibrium
among its components.

Positive differences of the dynamic ho-
mogenization process compared with exist-
ing technologies:

» Existing technologies do not include
a stage of dynamic homogenization based
on the level of turbulence, which means
that current technologies cannot perform
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the homogenization process directly with-
in the fuel pipeline of an internal combus-
tion engine;

» The second stage of the homogenization
process in the proposed technology takes
place under pressure that is at least twice
as high as that required for homogeniza-
tion at the nanoscale particle level;

 The particle (globule) sizes in the liquid fuel
or fuel mixture homogenized using the pro-
posed technology are uniform and fall with-
in the range of 70—120 nanometers, and
they do not tend to agglomerate. In exist-
ing technologies, the size distribution var-
ies widely — from the smallest to the largest
particles — by more than an order of magni-
tude, typically from 0.2 to 2 microns;

« All processes of dynamic homogenization
can be performed directly in the fuel pipe-
line of an internal combustion engine, for
example between the fuel pump and the
high-pressure pump, and do not require
any special modifications to the engine
design. The same principle applies to oth-
er types of thermodynamic equipment;

» During the dynamic homogenization pro-
cess, the temperature of the homogenized
liquid fuel or fuel mixture does not in-
crease;

» The dynamic homogenization device also
allows, during the homogenization pro-
cess, the simultaneous introduction of
additional components into the homog-
enized liquid fuel or fuel mixture, such
as water, methanol, ethanol, or synthetic
kerosene;

« The dynamic homogenization device has
compact dimensions and is more conve-
nient to operate than known devices. It
provides optimal conditions for installa-
tion and maintenance;

» The cost of the dynamic homogenization
device for liquid fuels and fuel mixtures
is significantly lower than that of existing
equipment designed for similar purposes;

« The device can also be used to perform
technological homogenization before in-
troducing the fuel or fuel mixture flow
into industrial processing equipment used
for the production of other hydrocarbon
products.

As can be seen from the presented photo-
graphs, the dimensions of the device are very

Section 5. Technical sciences in general

small relative to its performance capacity
(the images show devices with a capacity of
1,000 liters per hour).

Original dynamic homogenization device

An original device for the dynamic ho-
mogenization of liquid fuels and fuel mix-
tures has been developed, manufactured,
and repeatedly tested.

All components and parts of the device
are manufactured using standard CNC ma-
chines, without the need for special technol-
ogies or specialized cutting tools.

Stainless steel is used as the primary con-
struction material, allowing the device and
systems based on it to be installed in corro-
sive environments, for example on marine
vessels.

Figure 1.

The device is extremely compact and has
dimensions that allow it to be integrated into
virtually any internal combustion engine, in-
cluding both stationary engines (for example,
marine engines) and engines installed in trans-
port vehicles (such as automobiles of all types).

The device does not require any addi-
tional elements or auxiliary components for
operation and can be installed directly in the
fuel pipeline of an internal combustion en-
gine, specifically between the fuel pump and
the high-pressure pump.

All inlet and outlet connection interfaces
of the device are standardized. Installation of
the device on an internal combustion engine
does not require special preparation, tools,
or equipment.

The device contains no moving parts and
can be manufactured in any required dimen-
sional scale. It can be produced using stan-
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dard industrial equipment with numerical
control (CNC). The manufacturing, assem-
bly, and quality control processes do not re-
quire special technologies, materials, or spe-
cialized tools.

Thermodynamic effect of using
homogenized fuel (produced using
the dynamic homogenization device)

After homogenization, the fuel burns uni-
formly, and no local zones with larger dis-
persed fractions are formed within the fuel
volume after injection.

As a result, the combustion process pro-
ceeds 35—-40% faster, and efficient heat ex-
traction increases proportionally. These re-
sults have been confirmed in more than 300
testing cycles on a modern production diesel
engine with a 2.5-liter displacement.

The homogenization technology operates
equally effectively in engines with standard
configurations as well as in engines equipped
with exhaust gas recirculation (EGR) sys-
tems.

In the event of unauthorized water ingress
into the fuel tank, dynamic homogenization —
within several milliseconds before the fuel
reaches the high-pressure pump — ensures
the dynamic formation of a micro-emulsion,
completely eliminating any harmful effects of
water contained in the fuel emulsion on en-
gine operation. These results have been con-
firmed in more than 60 test cycles on a mod-
ern production diesel engine with a 2.5-liter
displacement.

The resulting micro-emulsion, while
maintaining the effective power output of
the engine, significantly reduces the concen-
tration of soot in exhaust gases (reduction
of up to 97%) and decreases nitrogen oxide
emissions (reduction of up to 35%). It also
shortens the full combustion cycle and ac-
celerates the heat extraction process. These
results have been confirmed in more than
300 full reversible testing cycles on a modern
production diesel engine with a 2.5-liter dis-
placement.

Application of the
homogenization system
The application of the homogenization
system additionally makes it possible to ob-
tain, at 35-45% lower pressure, the same
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spray dispersion that is typically achieved at
injection pressures of 1600—2000 bar.

This phenomenon allows a reduction
in the power consumption required for the
operation of the high-pressure pump. As an
example, the same effect can be considered
a potential additional efficiency factor for
turbines and turbo-generators, where injec-
tion pressures are typically 30 bar or higher.

Environmental effect of using homoge-
nized fuel.

The application of the dynamic homoge-
nization device in the fuel systems of internal
combustion engines makes it possible to sig-
nificantly reduce the toxicity of exhaust gas-
es and may allow previously manufactured
vehicles, including those that have been in
operation for many years, to meet modern
environmental standards.

Sequential dynamic homogenization pro-
cess in a modern diesel engine.

In a modern diesel engine, the device for
dynamic homogenization of fuel or fuel mix-
tures is installed in the fuel line after the fuel
pump and before the high-pressure pump.

The fuel flow leaving the fuel pump is
divided into two streams. The first stream,
accounting for 60% of the total fuel flow, is
directed into the central axial inlet of the dy-
namic homogenization device. The second
stream, accounting for 40% of the total fuel
flow, is introduced into an integrated inlet
system consisting of four radial channels.

After homogenization, the fuel burns uni-
formly, and no local zones with larger dis-
persed fractions are formed within the inject-
ed fuel volume.

As a result, the combustion process pro-
ceeds 35—40% faster, and the efficiency of heat
extraction increases proportionally. These re-
sults have been confirmed in more than 60
testing cycles on a modern production diesel
engine with a 2.5-liter displacement.

The homogenization technology operates
equally effectively in engines with standard
configurations as well as in engines equipped
with exhaust gas recirculation (EGR) systems.

Sequential dynamic homogenization pro-
cess in a modern gasoline engine.

In a modern gasoline engine, the device for
dynamic homogenization of fuel and fuel mix-
tures is installed in the fuel line after the fuel
pump and before the high-pressure pump.



The fuel flow after the fuel pump is also
divided into two streams. One stream, ac-
counting for 60% of the total fuel flow, is di-
rected to the central axial inlet of the dynam-
ic homogenization device, while the second
stream, accounting for 40% of the total flow,
enters the device through an integrated inlet
consisting of four radial channels.

The homogenization technology func-
tions equally effectively in engines with stan-
dard configurations and in engines equipped
with exhaust gas recirculation systems.

Application of the dynamic homogeniza-
tion process in internal combustion engines
using a mixture of ethanol and gasoline as fuel.

Ethanol, even of high quality, contains
a certain amount of water.

Before mixing (for example) with gaso-
line, ethanol is a relatively stable substance
and the separation of water and alcohol does
not occur. However, a mixture of ethanol and
gasoline is not completely stable and, under
certain conditions (for example at low tem-
peratures), water may separate from the gas-
oline—ethanol mixture.

If a dynamic homogenization device is in-
tegrated into the engine system, the water that
has separated in the fuel tank from the main
hydrocarbon fraction of the fuel mixture is dy-
namically mixed within the device with the hy-
drocarbon fractions, transforming the resulting
mixture into a micro- or nanoscale emulsion.

The combustion of such an emulsion typ-
ically occurs in a stable thermodynamic re-
gime, without detonation and with reduced
levels of soot and nitrogen oxides in the ex-
haust gases.

Application of the dynamic homogeniza-
tion process in internal combustion engines us-
ing a mixture of methanol and gasoline as fuel.

Methanol, even of ordinary quality, prac-
tically does not contain water.

Before mixing (for example) with gaso-
line, methanol is a relatively stable substance
and, after mixing, it generally does not sepa-
rate from gasoline.

Nevertheless, the methanol—gasoline mix-
ture is not completely stable and, under cer-
tain conditions (for example at low tempera-
tures), it tends to form agglomerates or clots.

The combustion of homogenized fuel
in such systems generally occurs in a stable
thermodynamic regime, without detonation
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and with reduced concentrations of soot and
nitrogen oxides in the exhaust gases.

Application of the dynamic
homogenization process in internal
combustion engines using gasoline
mixed with biofuel compositions

In such thermodynamic systems, the fuel
consists of gasoline combined with heavier
biological fuels and various viscous combus-
tible biological materials. In these composite
fuels, the formation of agglomerates occurs
more intensively.

If a dynamic homogenization device is
introduced into the thermodynamic system,
agglomerates that have formed in the fuel
tanks — consisting primarily of the hydrocar-
bon fraction of the fuel mixture — are dynam-
ically mixed in the device with the remaining
hydrocarbon fractions. As a result, these ag-
glomerates are transformed into a uniform
system of micro- or nanoscale particles.

The combustion of the homogenized fuel
generally occurs in a stable thermodynamic
regime, without detonation and with reduced
concentrations of soot and nitrogen oxides in
the exhaust gases.

Application of the dynamic homogeniza-
tion process in fuel supply systems for burn-
ers, boilers, turbines, and other thermody-
namic equipment.

In such thermodynamic systems, the fu-
els used typically include heavier diesel fuels
and various types of fuel oil, where the forma-
tion of agglomerates from heavier fractions
with high viscosity occurs more intensively.

If a dynamic homogenization device is
integrated into the fuel supply and injection
system of the combustion chamber, agglom-
erates that form in the fuel tanks — composed
of the main hydrocarbon fraction of the fuel
mixture — are dynamically mixed within the
device with the remaining hydrocarbon frac-
tions. This process transforms the agglomer-
ates into micro- or nanoscale particles.

The combustion of homogenized fuel typ-
ically occurs in a stable thermodynamic re-
gime, without detonation and with reduced
concentrations of soot and nitrogen oxides in
the exhaust gases.

In certain cases and under specific con-
ditions, significant fuel savings may also be
achieved.



Potential application of the dynamic ho-
mogenization process in marine engines and
diesel generators.

In such thermodynamic systems, heavier
diesel fuels and various types of fuel oil are
typically used as fuel. In these types of fuels,
the formation of agglomerates occurs more
intensively due to the presence of heavier
fractions.

If a dynamic homogenization device is
integrated into the fuel system of a marine
engine or a diesel generator, agglomerates
that may form in the fuel tanks under certain
conditions — consisting mainly of the prima-
ry hydrocarbon fraction of the fuel mixture —
are dynamically mixed within the device with
the remaining hydrocarbon fractions. As
a result, these agglomerates are transformed
into micro- or nanoscale particles.

The combustion of homogenized fuel typ-
ically occurs in a stable thermodynamic re-

gime, without detonation and with reduced
concentrations of soot and nitrogen oxides in
the exhaust gases.

Potential application of the dynamic ho-
mogenization process in propulsion systems
of aircraft

In recent years, there have been reports
regarding the experimental use of biofuels
and fuel mixtures containing biological com-
ponents in aircraft engines. It is known that
fuel mixtures containing biofuel components
tend to form agglomerates during storage
and operation.

Dynamic homogenization of such fuels
prior to injection into the combustion cham-
ber can significantly increase the reliability of
aircraft engines and may create new opportu-
nities for the practical use of composite fuel
formulations in aviation propulsion systems.
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