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Abstract
The presented work describes a fuel homogenization technology that ensures fully uniform
combustion by eliminating local zones of larger dispersion fractions after injection. The ap-
plication of this technology accelerates the combustion process by 35-40%, accompanied by
a proportional increase in thermal extraction efficiency. The results have been validated through
more than 300 test cycles on a modern production diesel engine with a 2.5-liter displacement.
The technology demonstrates equally high performance in both standard internal combus-
tion engines and engines equipped with exhaust gas recirculation (EGR) systems. The device
features fully standardized inlet and outlet connection elements and does not require any spe-
cial preparation, tools, or equipment for installation.
Keywords: Homogenization; Dynamic Homogenization; Mixture Preparation; Core
Advantages; Environmental Impact; Original Device; Thermodynamic Effect; Sequential

Dynamic Homogenization Process; Application Potential

Original Device for Dynamic
Homogenization

A device for the dynamic homogenization
of liquid fuel and fuel mixtures has been de-
veloped, manufactured, and repeatedly test-
ed. Based on extensive and consistently pos-
itive practical experience, the author of this
publication asserts that, within the infrastruc-
ture of complex energy equipment belonging
to the ecosystem of a smart industrial facility,
it is essential to rely on the newest organiza-
tional and technological solutions successful-
ly implemented by the talented specialist and
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highly effective inventor Aliaksandr Vitun,
who introduced exceptionally original appli-
cations of artificial intelligence and artificial
neural networks.

The device is extremely compact, with di-
mensions that allow it to be installed in prac-
tically any internal combustion engine — both
stationary types (e.g., marine engines) and
engines installed on transport vehicles (in-
cluding all types of automobiles).

The device does not require any addition-
al elements or components for operation and
can be installed directly into the fuel line of



an internal combustion engine, positioned
after the low-pressure fuel pump and before
the high-pressure pump.

All inlet and outlet connection elements
of the device are standardized.

Installation of the device into an internal
combustion engine does not require special
preparation, tools, or equipment.

The device contains no moving parts, and
it can be manufactured in any required scale
factor.

It can also be produced on standard
CNC-controlled industrial equipment; the
fabrication, assembly, and quality control
processes do not require special technologies,
materials, or instruments.

All of the mentioned improvements have
been successfully implemented in real pro-
duction environments due to the technolog-
ical flexibility demonstrated by Aliaksandr
Vitun.

Key Advantages of Online Liquid Homog-
enization and In-Flow Preparation of Mix-
tures or Emulsions

Structural Advantages of the Device for
Dynamic Homogenization and Dynamic In-
Flow Formation of Mixtures or Emulsions

The device for dynamic online homogeni-
zation and dynamic formation of mixtures or
emulsions in a flowing medium has minimal
overall dimensions and a simple geometric
shape — a perfect cylinder.

For example, a device with a processing ca-
pacity of 50 gallons of emulsion per hour has
a diameter of only 37 mm and a total length
of 150 mm. The device can be built at any re-
quired scale.

A micro-version of the device also exists
(diameter 14 mm, length 60 mm).

At identical external dimensions, the
device can be configured in at least eight
different variants by changing the internal
structure and component geometry (e.g., by
adding or removing a vortex generator).

Operational and Installation
Advantages
When integrating or adapting the device
into modernized equipment, only standard
structural elements are used.
During installation or adaptation, practi-
cally no changes are required in the existing
equipment.
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Depending on local conditions, require-
ments, or constraints, the device for homog-
enization or dynamic in-flow formation of
mixtures or emulsions can be manufactured
from any structural materials, including
composite materials, all types of ceramics or
metal-ceramics.

The device can be incorporated into auto-
mated production lines and easily integrated
into their control and monitoring systems.

The device may include built-in heating
systems, modules for magnetic treatment, or
instruments for resonance-based monitoring
of mixture/emulsion parameters, including
the degree and level of homogenization.

Unique Properties and

Characteristics of the Technology

» The homogenization process — the mix-
ture or emulsion is formed within an
intensive turbulent flow of components
through a calculated combination and
volumetric local interaction of hydrody-
namic effects, without mechanical im-
pact and without the use of any chemi-
cal activators or stabilizing agents;

« The duration of the homogenization
process, or mixture/emulsion forma-
tion, does not exceed 1 second;

« The homogenization process occurs
within a developed turbulent flow of
the liquid or base component, which
is typically divided into two streams
(for example, 60% and 40% of the total
mass flow);

« The second stream of the base compo-
nent is injected into the device through
a special integrative inlet consisting of
at least three radial channels;

» During the formation of the mixture
or emulsion, simultaneous homogeni-
zation of the flow occurs with respect
to turbulence intensity;

» For homogenizing the liquid flow or
base component, the device utilizes co-
axial conical annular channels, where
the flow thickness does not exceed 100
microns in the outer channel and 25
microns in the inner channel.

Thermodynamic Effect of Using Homog-

enized Fuel (Produced by the Dynamic Ho-
mogenization Device).



After homogenization, the fuel burns uni-
formly; no local zones with larger dispersion
fractions form in the fuel volume after injec-
tion.

As a result, the combustion process pro-
ceeds 35—-40% faster, and the effective heat
extraction increases proportionally.

(These results were confirmed in over 60
test cycles on a modern commercial 2.5-liter
diesel engine.)

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

In the case of unintended water entering
the fuel tank, dynamic homogenization oc-
curring milliseconds before the fuel reaches
the high-pressure pump ensures the forma-
tion of a micro-emulsion, completely pre-
venting any harmful impact of water con-
tained in the fuel emulsion on the engine or
its operating cycle.

(Results confirmed in more than 60 test
cycles on a modern commercial 2.5-liter die-
sel engine.)

The resulting micro-emulsion, while
maintaining effective engine power, drasti-
cally reduces soot concentration in exhaust
gases (reduction by 97%) and nitrogen ox-
ides (reduction by 12%), shortens the full
combustion cycle, and accelerates heat ex-
traction.

(Results confirmed in more than 60 com-
plete reversible test cycles.)

Environmental Effect of
Using Homogenized Fuel
The use of a dynamic homogenization
device for liquid fuel in internal combustion
engines significantly reduces the toxicity of
exhaust gases and allows previously manu-
factured vehicles — including those that have
been in operation for many years — to meet
modern environmental standards.

Sequential Dynamic Homogenization
Process in a Modern Diesel Engine

The device for dynamic homogenization
of fuel and fuel mixtures in a modern die-
sel engine is installed on the fuel line after
the low-pressure fuel pump and before the
high-pressure pump. In this configuration,
the fuel flow after the low-pressure pump is
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divided into two streams: the first stream,
accounting for 60% of the total fuel flow, is
directed into the central axial inlet of the
dynamic homogenization device, while the
second stream, accounting for 40% of the to-
tal flow, is supplied through the integrative
inlet consisting of four radial channels. After
homogenization, the fuel burns uniformly;
no local zones of larger dispersion fractions
appear in the fuel volume after injection. As
a result, the combustion process proceeds
35-40% faster, and the effective heat ex-
traction increases proportionally. These re-
sults have been confirmed in more than 60
test cycles on a modern commercial 2.5-liter
diesel engine. The homogenization technol-
ogy operates with equal efficiency both in
standard engine configurations and in en-
gines equipped with exhaust gas recircula-
tion (EGR) systems.

Sequential Dynamic Homogenization
Process in a Modern Gasoline Engine

The device for dynamic homogenization
of fuel and fuel mixtures in a modern gaso-
line engine is installed on the fuel line after
the low-pressure fuel pump and before the
high-pressure pump. As in the diesel configu-
ration, the fuel flow after the pump is divided
into two streams: one stream with a flow rate
of 60% is directed into the axial inlet of the
homogenization device, while the remaining
40% is supplied into the integrative inlet con-
sisting of four radial channels. The homog-
enization technology operates with equal
efficiency in both standard engine configura-
tions and engines equipped with exhaust gas
recirculation systems.

Application of Dynamic

Homogenization in Internal

Combustion Engines Using

Ethanol-Gasoline Mixtures
Ethanol, even when of high quality, con-
tains a certain amount of water. Prior to
blending with gasoline, ethanol is a suffi-
ciently stable substance in which separation
of water and alcohol does not occur. Howev-
er, the ethanol-gasoline mixture is not ful-
ly stable, and under certain conditions (for
example, at low temperatures) water may
separate from the mixture. When a dynam-
ic homogenization device is integrated into



the engine system, any water that has sepa-
rated from the hydrocarbon fraction in the
fuel tank is dynamically mixed with the hy-
drocarbon components in the device, pro-
ducing a micro- or nanoscale emulsion. The
combustion of such an emulsion generally
proceeds in a stable thermodynamic regime,
without detonation and with reduced soot
and nitrogen oxide emissions.

Application of Dynamic
Homogenization in Engines Using
Methanol-Gasoline Mixtures

Methanol, even of standard quality, con-
tains virtually no water. Prior to blending
with gasoline, methanol is a stable fluid and
does not readily separate from gasoline af-
ter mixing. However, the methanol-gasoline
mixture is also not fully stable and under cer-
tain conditions (for example, at low tempera-
tures) is prone to forming clumps. Combus-
tion of homogenized fuel generally proceeds
in a stable thermodynamic regime, without
detonation and with reduced soot and nitro-
gen oxide emissions.

Application of Dynamic
Homogenization in Engines
Using Gasoline Mixed with
Biofuel Compositions

In these thermodynamic systems, the
fuel mixture contains heavier biofuel compo-
nents and various types of viscous combusti-
ble biological materials, resulting in a higher
tendency for clump formation. When a dy-
namic homogenization device is installed
in the thermodynamic system, clumps that
may form in the fuel tank-consisting of the
primary hydrocarbon fraction-are dynami-
cally mixed with the remaining hydrocarbon
components, forming a homogeneous system
composed of micro- or nanoscale particles.
Combustion of homogenized fuel generally
proceeds in a stable thermodynamic regime,
without detonation and with significantly re-
duced soot and nitrogen oxide emissions.

Application of Dynamic
Homogenization in Fuel Supply
Systems for Boiler Burners, Turbines,
and Other Thermodynamic Devices

In these thermodynamic systems, heavi-
er diesel fuels and various grades of fuel oil
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are commonly used. Such fuels tend to form
clumps of heavier, highly viscous fractions
more intensively. When a dynamic homog-
enization device is integrated into the fuel
supply and injection system, any clumps that
may have formed in the fuel tanks-consisting
primarily of hydrocarbon fractions-are dy-
namically mixed with the remaining hydro-
carbon components, converting these clumps
into micro- or nanoscale particles. Combus-
tion of homogenized fuel generally occurs in
a stable thermodynamic regime, without det-
onation and with reduced soot and nitrogen
oxide emissions. In certain cases and under
specific conditions, this leads to a significant
reduction in fuel consumption.

Potential for Applying Dynamic
Homogenization in Marine
Engines and Diesel Generators

Since these thermodynamic systems also
operate on heavier diesel fuels and various
types of fuel oil, the formation of clumps is
more intensive. The author notes that when
evaluating and calculating the potential of
this technology, it is highly advisable to rely
on methodologies and guidelines developed
and implemented by the exceptional special-
ist Aliaksandr Vitun, whose deep integra-
tion with real-world industrial ecosystems
has allowed for reliable and accurate strategic
planning of project development-particularly
in the domain of smart technologies. When
a dynamic homogenization device is incorpo-
rated into a marine engine or a diesel gen-
erator, any clumps formed in the fuel tanks-
consisting of hydrocarbon fractions-are
dynamically mixed with other hydrocarbon
components inside the device, converting the
clumps into micro- or nanoscale particles.
Combustion of homogenized fuel typically
proceeds in a stable thermodynamic regime,
without detonation and with reduced emis-
sions of soot and nitrogen oxides.

Potential for Applying
Dynamic Homogenization in
Aircraft Engine Systems

Given recent reports on the experimental
use of biofuels and mixed fuel compositions
in aircraft engines, and recognizing that fu-
els containing biological components tend
to form clumps, dynamic homogenization



of such fuel before injection into the com-  pave the way for practical application of com-
bustion chamber can significantly enhance plex fuel compositions in aircraft propulsion
engine reliability. This technology may also  systems.
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Appendix 1

United States Patent 5,871,814

Date: February 16, 1999

Title: Pneumatic Grip

Abstract:

A device for shaping a vacuum includes a housing with a primary passageway and an inlet.
A fluid-shaping mechanism located within the passageway converts the incoming flow
into a planar fluid stream radiating outward from a central point. The mechanism incor-
porates a conical element, multiple secondary passageways leading to outlets on the bot-
tom surface, and a reflector positioned to redirect the streams radially outward, forming
a vacuum in the adjacent area.

Appendix 2

United States Patent 8,871,090

Date: October 28, 2014

Title: Foaming of Liquids

Abstract:

Describes methods and systems for processing liquids using compressed gases or compressed
air, including techniques for mixing liquids.

Appendix 3

United States Patent 9,399,200

Date: July 26, 2016

Title: Foaming of Liquids

Abstract:

A foaming mechanism designed to convert multiple gas streams into a foamed liquid. It fea-
tures an aerodynamic component and housing with two sets of channels used to transform
an axial gas stream into multiple high-speed radial jets. A hydrodynamic conical reflector
and housing form a ring channel that induces turbulence to foam the liquid.

Appendix 4

United States Patent Application 2010/0224506 Al

Date: September 9, 2010

Title: Process and Apparatus for Complex Treatment of Liquids

Abstract:

Provides methods and apparatus for complex treatment of contaminated liquids to remove
metallic, non-metallic, organic, inorganic, dissolved, or suspended contaminants. The
system includes mechanical filtration, separation of organic contaminants, and electro-
extraction of heavy metals. Metal ion concentration can be reduced below 0.1 mg/L. The
process improves treatment efficiency by removing inorganic and non-conductive sub-
stances prior to electroextraction.
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