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Abstract

The article discusses approaches to the development of environmentally friendly aviation
fuel based on “green” hydrogen and captured carbon dioxide, as well as the prospects for im-
plementing Sustainable Aviation Fuel (SAF) in the context of aviation decarbonization. Special
attention is given to cyclic carbon utilization technologies that enable the production of fuel
chemically identical to conventional aviation kerosene without increasing atmospheric carbon
concentration.

The article presents the design features and advantages of complex dynamic homogeni-
zation technology for hydrocarbon fuel mixtures and emulsions, enabling efficient mixing of
components directly within the flow process. Applications of the system in various internal
combustion engines, oil refining facilities, and fuel stations are considered.

The study demonstrates that this technology improves fuel mixture uniformity, reduces
soot emissions, enhances combustion efficiency, and increases fuel performance while allowing
integration without significant modifications to existing engines and industrial equipment.
Keywords: Aviation fuel; Emulsion of green hydrogen and captured carbon dioxide; Applied
developments of environmentally friendly aviation fuel; Fuel that is chemically identical to
kerosene but does not increase carbon concentration in the atmosphere; Aviation is one of the
most difficult industries to decarbonize; Renewable fuel; A product of a fully circular carbon use
cycle; Hydrocarbon fuel mixtures

Possible Applications of Complex Design Advantages of the Device for Dy-

Dynamic Homogenization Technology namic Homogenization and Dynamic For-

for Hydrocarbon Fuel Mixtures in mation of a Mixture or Emulsion in the Flow
Internal Combustion Engines of Its Components.
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The device for dynamic online homogeni-
zation and dynamic formation of a mixture or
emulsion within the flow of its components
has minimal dimensions and a simple geo-
metric shape in the form of a regular cylinder
(for example, a device with a capacity of 50

gallons of emulsion per hour has a diameter
of only 37 millimeters and a total length of
only 150 millimeters).

The device can be manufactured in any
required scale factor.

Figure 1. Device for Fuel Mixture Homogenization

Types of Internal Combustion Engines in
Which Complex Dynamic Homogenization
Technology for Fuel and Fuel Mixtures Can
Be Applied.

The dynamic homogenization system has
minimal dimensions and an optimal geomet-
ric shape.

The liquid inlets to the system and the
outlets for the homogenized liquid are com-
pletely standardized; therefore, the dynamic
fuel mixture homogenization system can be
installed on any internal combustion engine.

Modern  engines equipped  with
a high-pressure pump can be fitted with a dy-
namic fuel mixture homogenization system
without requiring any modifications to the
fuel system.

The dynamic homogenization system can
be installed both on stationary internal com-
bustion engines and on internal combustion
engines used in vehicles.

The dynamic homogenization system
may be equipped with an additional system
for the formation of two types of fuel emul-
sions: compressible emulsions and incom-
pressible emulsions.

The dynamic homogenization system en-
ables the efficient introduction of up to eight
additional components into the emulsion.

Without modification, the dynamic homog-
enization system can effectively dissolve com-
bustible gases in the flow of liquid hydrocarbon
fuel before injection into the combustion cham-
ber, both in stationary internal combustion en-
gines and in engines installed in vehicles.
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Types of Liquid Hydrocarbon Fuels That
Can Be Subjected to Dynamic Homogeniza-
tion.

Any type of liquid hydrocarbon fuel can
be processed using dynamic homogenization
technology.

Any types of fuel mixtures based on gas-
oline, all types of diesel fuel, and fuel oil can
be processed using dynamic homogenization
technology.

Any types of liquid biofuels can be pro-
cessed using dynamic homogenization tech-
nology.

Any types of biological fuel compositions
can be processed using dynamic homogeni-
zation technology.

Dynamic homogenization of
fuel without impurities

In liquid hydrocarbon fuels, fuel clumps
may form during storage, which can subse-
quently cause problems with fuel injection
and uniform combustion.

The higher the fuel viscosity, the greater
the probability of the formation of clumps
and other types of fuel non-uniformities.

The dynamic fuel homogenization system
is installed in the engine fuel system on the
fuel pipeline between the engine fuel pump
and the engine high-pressure pump.

As the fuel passes through the dynam-
ic homogenization system, homogeniza-
tion occurs within the flow according to the
turbulence level, after which the process
of dynamic homogenization is completed



in the high-pressure pump in terms of vol-
ume and dimensional scale within a three-
dimensional coordinate system.

The operation of the dynamic fuel homog-
enization system does not require any addi-
tional energy sources or additional structural
elements.

The dynamic fuel homogenization system
can also be used in homogenization process-
es and equipment in parallel with fuel recir-
culation in storage tanks during fuel produc-
tion and fuel storage at filling stations.

Dynamic homogenization of
gasoline-based fuel mixtures

Fuel mixtures based on gasoline, such
as gasoline-ethanol mixtures and gasoline-
methanol mixtures, may experience the ef-
fect of gravitational separation of water from
the hydrocarbon portion of the fuel mixture
during long-term storage.

The dynamic homogenization system
in gasoline engines using a mixture of gas-
oline and ethanol or a mixture of gasoline
and methanol as fuel is installed between
the fuel pump and the engine high-pressure
pump.

As the fuel mixture, in which water has
separated from gasoline, passes through the
dynamic homogenization system, homoge-
nization occurs within the flow according to
the turbulence level, after which the process
of dynamic homogenization is completed
in the high-pressure pump in terms of vol-
ume and dimensional scale within a three-
dimensional coordinate system.

During the homogenization process, wa-
ter in the form of microdroplets is uniformly
distributed throughout the volume of the hy-
drocarbon fuel mixture, after which the spec-
ified mixture is transformed into a micro- or
nanoscale emulsion.

According to the test results of the emul-
sion obtained using the dynamic homoge-
nization system, the soot concentration in
exhaust gases is reduced by 97%, while the
level and rate of heat release increase by at
least 35%.

The installation of the dynamic homoge-
nization system on a gasoline engine does not
require any additional original components,
and no structural modifications to the engine
are required.
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Dynamic homogenization of
diesel fuel-based mixtures

The preparation of fuel mixtures consist-
ing of diesel fuel and ethanol or methanol is
extremely difficult due to the large difference
in viscosity between these materials.

The dynamic fuel mixture homogeniza-
tion system can prepare a high-quality and
homogeneous mixture of diesel fuel and eth-
anol or methanol within fractions of a sec-
ond, directly in the pipeline and in any re-
quired proportion.

The dynamic homogenization system in
diesel engines using a mixture of diesel fuel
and ethanol or a mixture of diesel fuel and
methanol as fuel is installed between the fuel
pump and the diesel engine high-pressure
pump.

As the fuel mixture, in which water has
separated from the fuel, passes through the
dynamic homogenization system, homoge-
nization occurs within the flow according to
the turbulence level, after which the process
of dynamic homogenization is completed
in the high-pressure pump in terms of vol-
ume and dimensional scale within a three-
dimensional coordinate system.

During the homogenization process, wa-
ter in the form of microdroplets is uniformly
distributed throughout the volume of the hy-
drocarbon fuel mixture, after which the spec-
ified mixture is transformed into a micro or
nanoscale emulsion.

According to the test results of the emul-
sion obtained using the dynamic homogeni-
zation system, the soot concentration in ex-
haust gases is reduced by 97%, while the level
and rate of heat release increase by at least
35%.

The installation of the dynamic homoge-
nization system on a diesel engine does not
require any additional original components,
and no structural modifications to the engine
are required.

Dynamic homogenization of heavy
diesel fuel-based mixtures
The preparation of fuel mixtures consist-
ing of heavy diesel fuel and ethanol or meth-
anol is extremely difficult due to the large dif-
ference in viscosity between these materials.
The dynamic fuel mixture homogeniza-
tion system can prepare a high-quality and



homogeneous mixture of heavy diesel fuel
and ethanol or methanol within fractions of
a second, directly in the pipeline and in any
required proportion.

The dynamic homogenization system
in heavy diesel engines using a mixture of
heavy diesel fuel and ethanol or a mixture of
heavy diesel fuel and methanol as fuel is in-
stalled between the fuel pump and the engine
high-pressure pump (if such a pump is in-
cluded in the engine design). If a high-pres-
sure pump is not part of the engine, the dy-
namic homogenization system is installed on
the fuel pipeline after the fuel pump.

As the fuel mixture, in which either wa-
ter has separated from the heavy diesel fuel
or clumps of heavy diesel fuel have formed,
passes through the dynamic homogenization
system, homogenization occurs within the
flow according to the turbulence level, after
which the process of dynamic homogeniza-
tion is completed in the high-pressure pump
or in the injectors in terms of volume and di-
mensional scale within a three-dimensional
coordinate system.

During the homogenization process, wa-
ter in the form of microdroplets is uniformly
distributed throughout the volume of the hy-
drocarbon fuel mixture, after which the spec-
ified mixture is transformed into a micro- or
nanoscale emulsion.

According to the test results of the emul-
sion obtained using the dynamic homogeni-
zation system, the soot concentration in ex-
haust gases is reduced by 97%, while the level
and rate of heat release increase by at least
35%.

The installation of the dynamic homog-
enization system on an engine using heavy
diesel fuel does not require any additional
original components, and no structural mod-
ifications to the engine are required.

Dynamic homogenization of

fuel oil-based fuel mixtures
The preparation of fuel mixtures consist-
ing of fuel oil and ethanol or methanol is ex-
tremely difficult due to the large difference
in viscosity between these materials and be-

cause of the non-uniformity of fuel oil.
The dynamic fuel mixture homogeniza-
tion system can prepare a high-quality and
homogeneous mixture of fuel oil and etha-
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nol or methanol within fractions of a second,
directly in the pipeline and in any required
proportion.

In cases of an especially high level of fuel oil
non-uniformity, the structural simplicity of the
system allows its staged use with the formation
of a gradual (step-by-step) sequential process
for preparing a fuel oil-based fuel mixture.

The dynamic homogenization system in
large engines using a mixture of fuel oil and
ethanol or a mixture of fuel oil and methanol
as fuel is installed between the fuel pump and
the subsequent element of the engine fuel
system.

As the fuel mixture, in which water has
separated from the fuel oil or in which clumps
and lumps have formed within the fuel oil
flow, passes through the dynamic homog-
enization system, homogenization occurs
within the flow according to the turbulence
level, after which the process of dynamic ho-
mogenization is completed in the nozzle or
injector in terms of volume and dimensional
scale within a three-dimensional coordinate
system.

During the homogenization process, wa-
ter in the form of microdroplets is uniformly
distributed throughout the volume of the hy-
drocarbon fuel mixture, after which the spec-
ified mixture is transformed into a micro- or
nanoscale emulsion.

According to the test results of the emul-
sion obtained using the dynamic homogeniza-
tion system, the soot concentration in exhaust
gases is reduced by 97%, while the level and
rate of heat release increase by at least 35%.

The installation of the dynamic homoge-
nization system on the specified engine does
not require any additional original compo-
nents, and no structural modifications to the
engine are required.

Preparation of fuel mixtures
at oil refining facilities

At oil refining facilities, the system for
dynamic homogenization of hydrocarbon
liquids must include a high-pressure pump
operating on the principle of a diesel engine
high-pressure pump.

The specified integrated system can be
used as a pump for mixing fuel mixture com-
ponents or as a system ensuring fuel mixture
recirculation in storage tanks.



The installation of such systems can be
carried out on existing equipment without
redesign or modernization; however, in this
case, the system must include pumps for sup-
plying mixture components into the system.

One of the possible applications of the dy-
namic homogenization system at oil refining
facilities is the formation of a fuel mixture
during the supply of fuel mixture compo-
nents into a transport tank. Since the prepa-
ration time of the fuel mixture within the sys-
tem is only fractions of a second, preparing
the mixture during transfer into a transport
tank eliminates the need for special storage
tanks for fuel mixtures at the facility.

Preparation of fuel mixtures
at fuel stations

At fuel stations, the system for dynamic
homogenization of hydrocarbon liquids must
include a high-pressure pump operating on
the principle of a diesel engine high-pressure
pump.

The specified integrated system can be
used as a pump for mixing fuel mixture com-
ponents or as a system ensuring fuel mixture
recirculation in storage tanks.

The installation of such systems can be
carried out on existing equipment without
redesign or modernization; however, in this
case, the system must include pumps for sup-
plying mixture components into the system.

One of the possible applications of the
dynamic homogenization system at fuel
stations is the formation of a fuel mixture
during the supply of fuel mixture compo-
nents directly into the fuel tank of a vehicle
or other transport unit. Since the preparation
time of the fuel mixture within the system is
only fractions of a second, preparing the mix-
ture during transfer into the vehicle fuel tank
eliminates the need for special fuel mixture
storage tanks at the facility.

Preparation of fuel mixtures
directly within the internal
combustion engine system

If a vehicle can be equipped with an addi-
tional tank for the second component of the
fuel mixture, the preparation of the fuel mix-
ture can be carried out by the dynamic ho-
mogenization system directly within the fuel
pipeline.
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The feasibility of this approach was test-
ed on a production diesel engine, and during
this test a water-in-oil fuel emulsion was pro-
duced, i.e., diesel fuel was emulsified using
ordinary tap water.

As a result of using such an emulsion,
the soot concentration in exhaust gases
was reduced by 97% (mixing proportions
in the emulsion: 20% water and 80% diesel
fuel).

Installation of the dynamic
homogenization system on
a newly manufactured internal
combustion engine

The installation of the dynamic homog-
enization system on a newly manufactured
internal combustion engine does not require
any new elements in the engine design.

The system is installed into the fuel pipe-
line after the fuel pump, and its outlet is
connected to the inlet of the high-pressure
pump or, in the absence of such a pump, to
the inlet of the structural element following
the fuel pump.

Installation of the dynamic
homogenization system
on a retrofitted internal

combustion engine

The installation of the dynamic homog-
enization system on a repaired or modified
internal combustion engine does not require
any new elements in the engine design.

The system is installed into the fuel pipe-
line after the fuel pump, and its outlet is con-
nected to the inlet of the high-pressure pump
or, in the absence of such a pump, to the inlet
of the structural element following the fuel

pump.

Installation of the dynamic
homogenization system on industrial
facilities for fuel mixture production

The system can be supplied by the manu-
facturer in a modular configuration.

The system composition and its functions
can be modified by the manufacturing com-
pany without additional design work.

The system has no limitations or ele-
ments that would prevent its installation on
any industrial equipment.
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Installation of the dynamic
homogenization system on fuel
mixture tanks at fuel stations

The system can be supplied by the manu-
facturer in a modular configuration and can
be manufactured in any required scale factor.

The system composition and its functions
can be modified by the manufacturing com-
pany without additional design work.

Figure 2. Device for Dynamic
Emulsion Preparation

The system has no limitations or ele-
ments that would prevent its installation on
any industrial equipment.

Section 4. Technical sciences in general

The device for dynamic homogenization
of liquid fuel and fuel mixtures can be used
to perform technological homogenization be-
fore introducing the fuel or fuel mixture flow
into processing equipment for the produc-
tion of other hydrocarbon products.

As can be seen from the presented pho-
tographs, the dimensions of the device are
very small in relation to its performance (the
images show devices with a capacity of 1000
liters per hour).

Original Device for Dynamic
Homogenization

A device for the dynamic homogenization
of liquid fuels and fuel mixtures has been de-
veloped, manufactured, and repeatedly tested.

All elements and components of the de-
vice are manufactured using standard com-
puter numerical control (CNC) machines
without the use of special technologies or
specialized cutting tools.

Stainless steel is used as the structural
material, which allows the installation of the
device and systems incorporating it in more
corrosion-aggressive environments, such as
marine vessels.

Figures 3, 4, and 5. Device for Dynamic Preparation
of Fuel Emulsion in Disassembled Form
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The device is extremely compact and has
dimensions that allow it to be integrated into
virtually any internal combustion engine,
both stationary types (for example, marine
engines) and engines installed in vehicles
(for example, all types of automobiles).

The device does not require any additional
elements or components for operation and can
be installed directly on the fuel pipeline of an in-
ternal combustion engine, after the fuel pump
and before the engine high-pressure pump.

All input and output connection elements
of the device are standardized. No special

preparation, tools, or equipment are required
for installing the device on an internal com-
bustion engine.

The device has no moving parts and can
be manufactured in any required dimension-
al scale factor.

The device can be manufactured using
standard serial production equipment with
computer numerical control (CNC); no spe-
cial technologies, materials, or tools are re-
quired for the manufacturing, assembly, or
quality control of the device.
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