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Abstract
The text examines the fundamental limitation of internal combustion engines – their inher-

ently low mechanical efficiency – despite the near-perfect optimization of the fuel combustion 
process. While the reciprocating-to-rotary motion conversion mechanism remains the primary 
source of energy losses, numerous proposed technical alternatives have not yet gained sufficient 
investor interest. Modern internal combustion engines operating on the Otto cycle achieve 
up to 98% efficiency in extracting the chemical energy of fuel during combustion, largely due 
to advanced fuel delivery systems and highly optimized combustion chambers designed for 
constant-pressure combustion. However, the mechanical inefficiencies inherent in traditional 
motion conversion systems continue to restrict overall engine performance, creating a per-
sistent technical contradiction that remains unresolved despite thousands of recent innovations 
in this field.
Keywords: Gaseous fuel mixtures, Stable combustion, Constant flame volume, Internal 
combustion engines, Efficiency, Technical contradiction, Fuel mixture combustion cycle, 
Combustion cycle implementation, Conversion of reciprocating motion into rotational 
motion, Distortion of Otto cycle conditions, Vortex mixing of combustible gas, Vortex mixing 
of combustible gas in a vortex generator, Geometry of tangential channels

Subtitle:Inventions in the field of 
preparation of gaseous fuel mixtures, 
allowing to obtain stable combustion 

in a constant volume of the torch;

Introduction:
All specialists in the field of internal com-

bustion engines had to deal with the key 
problem of these engines – low efficiency; 
The reasons for this phenomenon are also 
well known – the imperfection of the mech-

anism for converting reciprocating motion 
into rotary motion.

It would seem that since the causes of 
power losses are in the mechanical motion 
conversion systems, then replacing such 
a mechanism with a more efficient one should 
resolve this technical contradiction.

Over the last year alone, several thousand 
technical solutions have been announced in 
this area, but investors are in no hurry to take 
advantage of them.
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Figure 1. The figure shows a vortex generator that forms 
a vortex tube in a flow of combustible gas

What are the reasons?
Let’s consider one of these reasons.
The combustion cycle of the fuel mixture 

in the cylinders of a  modern internal com-
bustion engine (Otto cycle) has been brought 
to complete perfection, its real efficiency on 
serial internal combustion engines has been 
brought to 98%, which means that during 
the implementation of the combustion cycle, 
98% of the energy contained in the fuel is ex-
tracted.

This result is achieved to a  large extent 
due to the design of the fuel system, which 
has been developed to almost complete per-
fection, and the associated system of com-
bustion chambers in the engine cylinders, in 
which combustion today occurs due to com-
bustion at constant pressure.

As practice has shown, any known chang-
es to the design of the cylinder-piston group 
of the engine lead to a distortion of the Otto 
cycle conditions, which ultimately leads to 
a  decrease in mechanical losses and a  de-
crease in the efficiency of extracting energy 
obtained from the combustion process.

It would seem that the innovative devel-
opment of this category of technology could 
be slowed down because of this, but fortu-
nately this is not happening.

Where is the innovative way out of this 
situation, and does it even exist?

As it turns out, there is such a way out;
It is known that when combustion occurs 

in a constant volume of flame, energy output 
increases by 20%.

That is, without changing the design of 
the injectors and the volume and configu-

ration of the combustion chamber, only by 
monitoring and regulating the volume of the 
combustion chamber and the volume of the 
flame torch in it can the required result be 
achieved.

Let us consider a model of conditions for 
obtaining combustion at a  constant torch 
volume for gaseous fuel

Vortex mixing of combustible 
gas in a vortex generator;

(VORTEX DYNAMIC MIXING OF GAS-
EOUS MEDIUMS IN VORTEX DYNAMIC 
MIXING AND ACTIVATION DEVICE; AD-
DITIONAL EXPLANATIONS)

Linear flow velocity (LINEAR VELOCITY 
OF STREAMS)

The flow of natural gas moves in the cen-
tral opening of the vortex generators under 
a  certain pressure and with a  certain linear 
velocity

A stream of compressed air is introduced 
into the natural gas stream from the tan-
gential channels of the vortex generator at 
a speed at least three times greater than the 
linear speed of the natural gas stream.

In this case, the pitch of the spiral in the 
formed vortex tube is equal to the linear ve-
locity of the natural gas flow.

In this case, the linear velocity in the out-
er boundary layer of the vortex tube is greater 
than the linear velocity in the inner boundary 
layer of the vortex tube.

Since all the flows that form the vortex 
tube move perpendicular to the flows of nat-
ural gas, they collide repeatedly and, since 
the linear velocity of the compressed air flows 
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exceeds the linear velocity of the natural gas 
flows.

The indicated collisions, with high kinetic 
energy of the flows, form a developed turbu-
lent state, which turns into Brownian motion 
(Brownian movement of the mix components).

Since ideal combustion conditions for 
natural gas require a mixing ratio of 17.2 to 
1, which means there are 17.2 air molecules 
per molecule of natural gas, meaning there 
are 17.2 more gas molecules with a higher ki-
netic energy level entering the mixture

Due to this circumstance, the molecules of 
natural gas, which are lighter, are surround-
ed by molecules of air, which are heavier, and 
which, having a higher level of kinetic ener-
gy, are more mobile in the Brownian system. 
movement of the mix components and sur-
round on all sides of the three-dimensional 
model of the mixture of natural gas molecules

Pressure V PRESSURE IN THE STREAMS
The natural gas flow moves in the central 

hole of the vortex generators with a  certain 
pressure.

The level of this pressure determines the 
pressure of the medium in the central hole of 
the vortex generators.

Compressed air is supplied to vortex gener-
ators under pressure ranging from 2 to 20 bar.

When moving through tangential chan-
nels with a  small cross-section and parallel 
walls, the speed of movement of compressed 
air flows increases sharply and, accordingly, 
the pressure in the flow drops.

At the outlet of such channels, the pres-
sure in the air flows coincides with the pres-
sure in the natural gas flow.

When moving along tangential channels 
with a variable cross-section, at the entrance 
to the central opening of the vortex genera-
tors, expansion occurs and the pressure in 
the integral flow acquires the pressure level 
in the natural gas flow

Geometry of tangential channels (TAN-
GENTIAL CHANNELS GEOMETRY)

Vortex generators use two types of tan-
gential channels.

Tangential channels with variable cross-
section are used when it is necessary to ob-
tain the maximum possible effect – the Joule-
Thomson effect (JOULE – THOMSON).

Tangential channels with equal cross-
section along the entire length are used when 

the efficiency of the JOULE – THOMSON, 
RANQUE – HILSCH effects are not of funda-
mental importance and it is necessary to obtain 
a high local (BERNOULLI) Bernoulli effect.

Formation of the local Bernoulli effect 
(LOCAL BERNOULLI EFFECT CREATION)

The level of the local BERNOULLI ef-
fect is determined by the ratio of the cross-
sectional area of the pipeline for supplying 
compressed air to the cross-sectional area of 
the tangential channel.

For example, with a  ratio of the cross-
sectional area of the channels as 1 to 15, the 
linear velocity of the flow in the tangential 
channel increases by 15 times, and with a de-
crease in the pressure level, also by 15 times

At the same time, due to the increase in 
the linear speed of movement, the level of ki-
netic energy increases proportionally to the 
increase in the linear speed.

The nature of Brownian motion in gas 
mixture flows (BROWNIAN MOVEMENT 
CHARACTER IN GASEOUS MIX STREAM)

From the moment of entering high-speed 
flows of compressed air into the flow of nat-
ural gas moving in the central opening of the 
vortex generators, the phenomenon of for-
mation of BROWNIAN occurs MOVEMENT 
CHARACTER in the environment of two mis-
cible gaseous media.

Compressed air flows are accelerated in 
the tangential channels of vortex generators 
to a linear velocity at least three times greater 
than the linear velocity in a natural gas flow.

The flow from each of the tangential chan-
nels is directed perpendicular to the direction 
of movement of the natural gas flow along 
a tangent to the outer diameter of the central 
opening of the vortex generators and has a ki-
netic energy at least three times greater than 
the kinetic energy of the natural gas flow.

Air molecules with higher kinetic energy 
push natural gas molecules apart and enter 
the flow, causing a  chain reaction of colli-
sions between air and natural gas molecules.

More mobile air molecules surround the 
natural gas molecules and, as they move fur-
ther along the spiral in the vortex tube, create 
a complex movement in which the molecules 
of natural gas and air have a common linear 
nature of movement along the vortex tube 
and, at the same time, within the framework 
of this movement, they move in other direc-
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tions until they collide with other molecules 
standing in their path.

In this case, the resulting movement of 
the mixture in the vortex tube is subject to 
the laws of physics and the conditions formed 
by the geometry of the relationships of the el-
ements of the vortex generators.

As a result of the sequential mixing of gas 
environments, after repeating the process on 
each of the vortex generators of the system, 
a  uniform flow of a  mixture of natural gas 
with aerodynamically active air is obtained, 
with precise observance of the proportions 
between natural gas and air necessary for an 
ideal combustion process.

The level of kinetic energy of the mixture is 
increased proportionally to the number of vor-
tex generators according to the following logi-
cal model: at the input, the kinetic energy of the 
natural gas flow is supplemented by the kinetic 
energy of the air flows and an integral level of 
kinetic energy is formed, which is the starting 
level for the next vortex generator, and so on.

Clean and cooled exhaust gas (CLEAN 
AND COOL EXHAUST GAS)

With complete and optimal combustion, 
the exhaust gases do not contain incomplete 
combustion products.

The proposed composition and active 
aerodynamic structure of the mixture allow, 
simultaneously with optimal combustion, 

to obtain a  decrease in the temperature of 
the exhaust gases, which helps to eliminate 
the formation of toxic substances and com-
pounds in the exhaust gases.

Efficient and economical combustion 
(EFFECTIVE AND SAVENESS BURNING)

A homogeneous mixture of natural gas and 
air is sent from the dynamic vortex mixing de-
vice to the combustion chamber, having pre-
cise proportions between the components and 
in which, due to the high kinetic energy and 
constant movements of air molecules around 
heavier molecules of natural gas, the structure 
of the volume of the mixture is maintained 
and renewed, in which the molecules of nat-
ural gas are surrounded by molecules of air.

In addition, microscopic water droplets 
or water vapor molecules are also evenly dis-
tributed among the air molecules.

The combustion process of the specified 
pre-prepared mixture takes place under opti-
mal conditions, with complete combustion of 
the carbon and hydrogen parts of natural gas, 
at a  high combustion rate, at a  high rate of 
flame front propagation, at a high level of flame 
stability and the entire combustion process.

The specified mixture during combustion 
allows eliminating losses of natural gas due 
to inefficient combustion in zones of non-uni-
form mixing, since these zones do not exist in 
the specified mixture;

Figure 2. Standard Flame Torch

Figure 3. Modified flame torch based on a vortex tube
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Explanations and illustrations (ILLUS-
TRATIONS)

The explanation is illustrated by the fact 
that the aerodynamic design of the vortex 
generator is multifunctional, and in addition 
to mixing, it has the goal of cooling the flows 
of mixed gases and lowering the temperature 
of the mixture;

The vortex generator uses and applies 
a scheme of sequential local formation of the 
BERNOULLI, JOULE – THOMSON, RAN-
QUE – HILSCH effects for use in dynamic 
mixing and sequential step-by-step cooling in 
flows of mixed components of gaseous media 
and the resulting mixture of gaseous media;

The aerodynamic scheme of sequen-
tial local formation of the BERNOULLI, 
JOULE – THOMSON, RANQUE – HILSCH 
effects allows for enhanced formation of the 
BERNOULLI effect to increase the linear ve-
locity of the compressed air flow, which en-
sures uniform homogeneous mixing of the 
mixture components, while maintaining the 
Brownian movement of the mix components

Let us give another typical example of the 
formation of conditions for the implementa-
tion of the combustion process in a constant 
volume, which is:

–  Increasing the specific power of an 
internal combustion engine in relation to 
the amount of fuel consumed, using fuel 
mist – a fuel composite obtained by dynam-
ically mixing hydrocarbon liquid fuel with 
a compressed gaseous oxidizer …

a) If gasoline is used as fuel for the inter-
nal combustion engine:

A homogeneous mixture of gasoline with 
compressed air, in which the compressed air 
(at a pressure of at least 5 atmospheres), in the 
form of bubbles no more than 50 microns in 
diameter, is uniformly distributed throughout 
the volume of gasoline, in such a way that, due 
to the forces of surface tension, the gasoline 
forms a shell around the air bubbles

The volume of compressed air in the re-
sulting mixture is more than 200 times great-
er than the volume of gasoline and its quanti-
ty is sufficient for optimal combustion.

The mixture has compressibility properties.
When injected into the engine cylinder, 

the proportions and ratios in the volume of 
the mixture do not change, due to the fact 
that the diameter of the bubbles with shells 

does not exceed 20–40 microns, due to the 
minimal size and compressibility, the mix-
ture does not change its properties and geo-
metric proportions during injection;

After injection into the cylinder, the pres-
sure in which at the moment of injection is 
practically equal to atmospheric pressure, an 
adiabatic expansion of air occurs inside the 
bubbles, proportional to the difference in pres-
sure inside the bubbles and in the cylinder.

The expanding air breaks the bubble 
shells into small fragments no larger than 
3–5 microns and evenly envelops these frag-
ments, while maintaining the volumetric 
proportions between gasoline and air suffi-
cient for optimal combustion.

The entire process of converting the mix-
ture – fuel composite into fuel mist, in which 
gasoline particles of 3–5 microns in size are 
uniformly mixed with a  volume of air suffi-
cient for optimal combustion, takes no more 
than 0.001 seconds.

Thus, ignition can be carried out imme-
diately after the injection is completed and, 
due to the fact that time is not required for 
mixing gasoline with air, injection and subse-
quent ignition of the fuel mist are carried out 
at a  time when the engine’s motion conver-
sion system is not in one of the dead points, 
in which at least 60% of engine power is lost.

Conservatively, the use of fuel mist with 
the properties described above can reduce 
power losses by 45–50%, and accordingly in-
crease the specific power obtained per 1 gal-
lon of gasoline.

b) If diesel fuel is used as fuel for a diesel 
engine:

A  homogeneous mixture of diesel fuel 
with compressed air, in which compressed 
air (at a pressure of at least 5 atmospheres), 
in the form of bubbles no more than 50 mi-
crons in diameter, is uniformly distributed 
throughout the volume of diesel fuel, so that, 
due to the forces of surface tension and high 
viscosity, the diesel fuel forms a shell around 
the air bubbles

The volume of compressed air in the 
resulting mixture is more than 200 times 
greater than the volume of diesel fuel and its 
quantity is sufficient for optimal combustion.

The mixture has compressibility properties.
The mixture – fuel composite – is fed into 

the high-pressure pump, from where it is in-
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jected into the diesel engine cylinder in an 
even more compressed form.

When injected into the cylinder of a diesel 
engine, the proportions and ratios in the vol-
ume of the mixture do not change, due to the 
fact that the diameter of the bubbles with shells 
during formation does not exceed 20–40 mi-
crons, and in a high-pressure pump, with strong 
compression, the size of the bubbles with shells 
is further reduced to 15–20 microns;

Due to its minimal dimensions and com-
pressibility, the mixture does not change its 
properties and geometric proportions during 
injection;

After injection into the cylinder of a die-
sel engine, the pressure in which at the mo-
ment of injection is significantly less than in 
the bubbles, an adiabatic expansion of air oc-
curs inside the bubbles, proportional to the 
difference in pressure inside the bubbles and 
in the cylinder of the diesel engine.

The expanding air breaks the bubble 
shells into small fragments no larger than 
2–4 microns and evenly envelops these frag-
ments, while maintaining volumetric propor-
tions between diesel fuel and air sufficient for 
optimal combustion.

The entire process of converting the mix-
ture – fuel composite into fuel mist, in which 
diesel fuel particles of 2–4 microns in size are 
uniformly mixed with a  volume of air suffi-
cient for optimal combustion, takes no more 
than 0.001 seconds.

Thus, compression in the cylinder and 
ignition can be carried out immediately af-
ter the injection is completed and due to the 
fact that time is not required for mixing die-
sel fuel with air, injection and subsequent 
compression and ignition of the fuel mist are 
carried out at a  time when the motion con-
version system in the diesel engine is not in 
one of the dead points, in which at least 50% 
of the diesel engine power is lost.

Conservatively, the use of fuel mist with 
the properties described above can reduce 

power losses by 40–45%, and accordingly in-
crease the specific power obtained per 1 gal-
lon of diesel fuel.

c) If natural gas is used as fuel for the in-
ternal combustion engine:

Before injection into the engine cylinder, 
natural gas and compressed air form a vortex 
tube in a vortex dynamic mixing device;

In this vortex tube, the natural gas flow 
is homogeneously mixed with cooled com-
pressed air in a volumetric ratio of 9.7 to 1, 
and after mixing, the mixture – a  fuel gas 
composite – is completely ready for combus-
tion and does not require additional air.

The mixture, after leaving the hermeti-
cally sealed space, retains the state and pro-
portions obtained during its formation in the 
vortex tube for more than 3 seconds.

Since the mixture is completely ready for 
ignition at the moment of injection, injection 
and ignition are performed at the moment 
when the engine’s motion conversion mech-
anism is not in one of the dead points, and 
thus eliminate or reduce engine power losses 
to overcome dead points, which in a conven-
tional engine can reach 60% or more.

This fact allows to reduce power losses 
for overcoming dead points by 45–55% and 
to increase the specific power developed by 
the engine per 1 cubic foot of natural gas in 
the same proportion.

But there are also known design solutions 
in which the authors assume that combus-
tion in the cylinders will occur in accordance 
with the Otto cycle.

A quick analysis of the mechanics of such 
a solution leaves no doubt that it is very diffi-
cult or even impossible to build such an engine.

It is felt that the author of these inven-
tions does not have such deep experience 
in creating crankless engines as multidisci-
plinary specialists in the field of smart tech-
nologies have;
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