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Abstract

This article examines the application of modern intelligent multidisciplinary digital tech-
nologies incorporating elements of artificial intelligence and artificial neural networks in the
development of innovative engineering solutions based on the principles of TRIZ and ARIZ.
Particular attention is devoted to the analysis of the psychological, technological, and market-
ing factors that influence the transformation of inventive concepts into commercially viable
products under conditions of rapidly evolving digital technologies. The article substantiates the
necessity of adopting a fundamentally new multidisciplinary approach to engineering design
in response to the shortening innovation cycle, increasing product complexity, and rising costs
of prototype development and testing. The proposed concept integrates systematic inventive
problem-solving methodologies with intelligent digital technologies to identify non-obvious
auxiliary innovative functions capable of improving product competitiveness and commercial
potential. It is concluded that only the comprehensive integration of TRIZ/ARIZ methodologies
with artificial intelligence, artificial neural networks, and multidisciplinary digital technologies
can significantly enhance the efficiency of innovation processes and increase the probability of
successful commercialization of advanced technical solutions.
Keywords: Digital Technologies; TRIZ; ARIZ; Intelligent Multidisciplinary Digital
Technologies; Product Marketing Aspects; Simulation of Used Structural Materials;
Innovation Analysis; Paradoxes of Dynamic Fuel Component Mixing; Stereotypes and
Associated Psychological Barriers

Introduction solve multiple problems — problems that,

All inventors know that sometimes tech- even at the conceptual stage, prompted the
nical solutions are created that, under re- inventor to conduct innovative analysis and
al-world conditions, function effectively and  triggered purposeful creative activity. At the
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same time, there are contrived and seeming-
ly obvious technical solutions that are devel-
oped in isolation from reality and solve abso-
lutely nothing, except for serving as a means
of pursuing ambitious claims to some kind of
(usually useless) idea in the field of technolo-
gy and engineering.

Figure 1. An example of modern
innovative design with full simulation
of the used structural materials and
their properties and performance
characteristics, including the type of
mechanical processing and finish type

()

Section 4. Technical sciences in general

Moreover, technical solutions that arise
within a specific local domain inevitably af-
fect, either directly or indirectly, established
technical stereotypes and the psychological
barriers that have emerged, and continue to
emerge, based on these stereotypes. These
barriers often obstruct the resolution of tech-
nical and technological contradictions that
evolved from these psychological foundations.

Twenty years ago, the necessity for the
second group of inventions — and the equally
important need to consider the influence of
psychological barriers — was often justified
by their auxiliary role: serving as a basis for
selectively identifying the most effective and
non-obvious technical solutions from the to-
tal pool of initiated technical and creatively
combined ideas.

In modern designs and technological solu-
tions, novelty is no longer a reflection of a sin-
gle technical discipline, but rather the result
of a combination of integrated disciplines,
including electronics, microelectronics, ad-
vanced materials science, fiber optics, and
laser technology. This necessitates an evalua-
tion of obviousness or non-obviousness from
multiple perspectives — an assessment that
can only be adequately performed by narrow-
domain experts working in collaboration with
specialists in complex systems integration.

Figure 2. An example of modern innovative design utilizing sectional views,
along with a technical and innovative analysis of the level and credibility of
the qualification of non-obviousness for all components of the device, as well as
the same level of non-obviousness in the functional characteristics of assembly
associations and the resulting commercial advantages of these characteristics
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Over time, each technical discipline de-
velops a set of typical solutions that gradually
become entrenched as stereotypes, familiar to
nearly all practicing professionals in the field.

Such stereotypes become embedded in
everyday practice, and any changes in design
or technology tend to encounter certain barri-
ers, which, over time, evolve into well-formed
technogenic psychological barriers. In this
context, effective participation in the synthe-
sis of innovative ideas — especially through

Section 4. Technical sciences in general

brainstorming — and the refinement of those
ideas and their innovative combinations to-
ward the boundary of the Ideal Final Result
may encounter, and often do encounter, ste-
reotypical psychological barriers. Even when
part of a group generates technically viable
proposals that are non-obvious to the aver-
age specialist in that specific field, such ideas
are unlikely to be immediately and unequiv-
ocally accepted. They are often rejected, par-
ticularly at the early stages of development.

Figure 3. The figure shows a view of a diesel generator being
modernized by integrating a device into its fuel system for mixing and
homogenizing the fuel mixture — diesel fuel with methanol

The process of developing a project for integrating a device for dynamic
Juel component mixing into the fuel supply systems of thermal equipment
(including boilers of all types)

Figure 4. The figure shows a device for online mixing and homogenizing fuel
mixtures before injection into the combustion chamber of a thermodynamic system

L
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Figure 5. The figure also shows a device for online mixing and
homogenizing fuel mixtures before injection into the combustion chamber
of a thermodynamic system, including internal components
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Figure 5. The figure shows a range
of sizes for devices used for online mix-
ing and homogenizing fuel mixtures
before injection into the combustion
chamber of a thermodynamic system.
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All 9 sizes of devices for online mixing and
homogenizing fuel mixtures before injection
into the combustion chamber of a thermo-
dynamic system have an equivalent internal
structure and a uniform design of internal
components.

Figure 6. The figure shows devices for monitoring the
parameters of the obtained fuel mixture

For boilers, the device must include a noz-
zle to ensure a higher level of adaptation to the
fuel supply systems for the combustion cham-
ber or burner. The development of the nozzle
is one of the components of the project.

At the same time, the device itself can be
presented as a standalone product or a com-
pact burner.

This applies equally to boilers that use
diesel fuel and to those that use natural gas
as fuel.

All variants and working versions of the
device and the technology for its application
can be developed simultaneously and in par-
allel.
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For devices designed for dynamic mixing
of fuel components, where liquid fuel plays
a dominant role, there are several paradox-
es inherent in all such applications. The first
paradox is characterized by the fact that in

Section 4. Technical sciences in general

the pipeline, with the same cross-section, the
same initial pressure, and the same initial
flow rate of the incompressible liquid compo-
nent, a ring-shaped vacuum zone is formed
without any additional energy consumption.

Figure 7. The figure shows the appearance of the fuel mixture after structure restoration

-
—

Figure 8. The figure shows the appearance of the fuel mixture before structure restoration

This zone represents a kind of boundary
between the incompressible liquid and the
compressible mixture of this liquid with gas,
in this case, air.

The second paradox is that within the
same pipeline, the liquid entering the pipe-
line changes its physical properties from an
incompressible working fluid to a compress-
ible working fluid.
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Figure 9. The figure shows systems using artificial intelligence and artificial neural
networks applied during the qualification testing of the technology and device

The third paradox is that at the point of
change in the physical properties of the flow,
the flows of the liquid and gaseous compo-

nents are coaxial, with the liquid component
flow enveloping the gaseous component flow.

Figure 10. The figure also shows systems using artificial intelligence and artificial
neural networks applied during the qualification testing of the technology and device

The directions of flow at the indicated
point coincide.

The fourth paradox is that in the zone,
which represents the boundary between the
incompressible part of the flow and the com-
pressible part, there is a deep vacuum or rar-
efaction. This occurs under conditions where
two coaxial flows each create a ring-shaped
rarefaction zone: one created by the incom-
pressible liquid flow, and the other created by
the compressible air flow.

Both of these zones are coaxial to each
other, and the thickness of the flow in them
does not exceed 100 micrometers for the lig-
uid and 25 micrometers for the gas.

The linear velocity in each of the flows in
the rarefaction zone exceeds 100 meters per

second, with no additional energy sources
being used in the process.

The fifth paradox is that the flow of the
mixture accumulates the kinetic energy of
the flows of all components, and the kinetic
energy of the mixture exiting the device ex-
ceeds the kinetic energy of the liquid compo-
nent entering the device.

The sixth paradox is that under condi-
tions of deep rarefaction and high linear
velocity of the flows, in the boundary zone
separating the incompressible liquid and the
compressible mixture, numerous capsules
of composite fuel are formed. More than 27
million spherical capsules, each with a diam-
eter not exceeding 50 micrometers, are pres-
ent per liter of mixture or fuel composite.
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Figure 11. The figure also shows fragments of the system using
artificial intelligence and artificial neural networks applied during
the qualification testing of the technology and device

In these capsules, the core is a compress-
ible element — air — and the shell is an incom-
pressible element — liquid or a homogeneous
mixture of liquids.

The seventh paradox is that when neces-
sary, a liquid additional component of the fuel

the boundary zone between the compressible
and incompressible parts of the flow.

At the same time, no additional energy
is required to draw water into the liquid fuel
component flow and mix it; only the energy
of the liquid fuel component flow is needed.

composite, such as water, can be drawn into
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