
IJE TRANSACTIONS A: Basics  Vol. 39, No. 10, (October 2026)    2571-2582 
 

  

Please cite this article as: Sazonov YA, Mokhov MA, Gryaznova IV, Voronova VV, Tumanyan HA, Konyushkov EI, Dengaev AV, Sagirova LR, 
Zamaraev SS. Multi-Stream Nozzle Apparatus for Advanced Energy-Efficient Jet Devices and Systems. International Journal of Engineering, 
Transactions A: Basics. 2026;39(10):2571-82. 

 
International Journal of Engineering 

 

J o u r n a l  H o m e p a g e :  w w w . i j e . i r  
 

 

Multi-Stream Nozzle Apparatus for Advanced Energy-Efficient Jet Devices and 

Systems 
 

Y. A. Sazonova, M. A. Mokhova, I. V. Gryaznovaa, V. V. Voronovaa, H. A. Tumanyana, E. I. Konyushkova, A. V. Dengaeva, 
L. R. Sagirova*b, S. S. Zamaraevb 

 
a Gubkin Russian State University of Oil and Gas (National Research University), Moscow, Russia  

b Empress Catherine II St. Petersburg Mining University, Saint Petersburg, Russia 
 

 

P A P E R  I N F O   

 
 

Paper history: 
Received 09 October 2025 
Received in revised form 09 December 2025 
Accepted 29 December 2025 

 
 

Keywords:  
Nozzle Apparatus 
Ejector 
Thrust Vector 
Computer Modeling 
Euler’s Methodology 
Jet Systems 

 
 

 

A B S T R A C T  
 

 

This paper aims to carry out interdisciplinary research within an emerging scientific field focused on 

thrust vector control over a full spherical geometry, where the thrust vector can be deflected continuously 

through a complete angular range of ±180° in all spatial directions. A patented variant of a multi-stream 
nozzle apparatus is analyzed. The distribution of energy of the working gas is analyzed for cases with 

different working pressures. A critical cross-section of rectangular geometry has been examined. The 

article presents 3 simulation results with a range of values for gas mass flow rate from 0.296 kg/s to 
1.173 kg/s and for thrust from 396.53 N to 2140.15 N. Prospects for the practical application of the 

obtained results are discussed, including the creation of digital twins for use in the educational process 

in training engineers. For conceptual design, Euler’s methodology in combination with CFD 

technologies is proposed, consistent with contemporary approaches to handling large datasets. A 

scientific foundation has been established for the development of lattice-type multistream jet systems 

based on Euler’s methodology.Three main directions for further scientific research are identified: 
energy-efficient power systems; effective development of oil and gas fields; and transport robotic 

systems for operation on land, at sea, and in the air. 

doi: 10.5829/ije.2026.39.10a.18 
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1. INTRODUCTION 

 

To tackle the existing challenges in lowering energy costs 

in technological processes, it is essential to explore new 

directions of technological development, including those 

related to the extraction and processing of liquid and 

gaseous hydrocarbons. 

Contemporary CFD technologies provide unique 

opportunities for studying complex gas-dynamic and 

hydrodynamic phenomena occurring within the channels 

of multiphase ejectors. Drawing upon Euler’s 

foundational concepts, the authors have formulated an 

innovative scientific methodology in the field of jet 

propulsion systems through fundamental theoretical and 

experimental research. The proposed systems facilitate 

thrust vector control over the entire geometric sphere, 

enabling vector deflection angles spanning ±180 degrees 

in all spatial orientations (1-3). Several technical 

solutions have been patented, including a novel class of 

mesh turbomachinery equipped with mesh-based jet 

control systems. Prospective areas of application for the 

results of these studies include energy, hydrocarbon 

production, transportation, and robotics. This article 

serves as a logical continuation of a series of scientific 

papers published in international peer-reviewed journals 

for the years 2020 and 2025. 

In this context, a comprehensive analysis of scientific 

and technical information was conducted taking into 

account the well-established big data fusion technology 

“MSIF,” which integrates inputs from numerous 

heterogeneous sources (4-6). In this case, the conditions 

in the energy resource market (7-9), as well as various 

difficulties in oil and gas production (10-12) have been 

taken into account. By analogy with reversible 

turbomachinery (13), reversible jet pumps and ejectors 

(1-3) are considered and studied. New possibilities of 

flow control in the main and additional channels of 

hydraulic machines are being studied (14-16). More 

complex hybrid systems are being increasingly 

considered (17, 18). Issues related to the optimization of 

nozzle assembly design are being addressed (19-22). 

Electronic systems for controlling the ejector nozzle are 

being considered in the field of hydrogen energy (23-26). 

Ejectors with annular mixing chambers are being 

considered separately (27-29). In aviation technologies, 

ejectors for enhancing engine thrust are being actively 

studied (30, 31). Jet control systems are recognized as 

revolutionary advancements in the aviation industry and 

are viewed as one of the most promising fields of 

development, particularly in the research carried out by 

DARPA and Boeing (32-34). Utilizing jet control and 

monitoring systems can notably enhance the 

maneuverability of aircraft and optimize their energy 

consumption, reduce their radar visibility, and make 

them less detectable. However, it should be noted that 

there is not enough information about such technologies 

in scientific publications, which underlines the 

importance of conducting scientific research and creating 

new technical concepts in the field of jet technology. The 

potential to expand the range of ejector applications 

through the use of curved mixing chambers are currently 

being studied (35-37). When developing ejectors 

featuring a curved mixing chamber, the results from 

studies on S-shaped channels are taken into account (38-

40) and related systems (41-43) should be considered. 

In summary, it is worth noting that modern scientific 

and technical progress is largely driven by a set of 

interrelated areas and technologies. These include 

automation, artificial intelligence technologies, shape 

modification systems, as well as groups of autonomous 

vehicles or robotic devices. The advancement of energy-

efficient and environmentally safe industrial 

technologies relies heavily on interdisciplinary research 

efforts, which are essential for addressing complex 

engineering and sustainability challenges. 

This research focuses on the computational modeling 

and performance analysis of a multiphase nozzle system 

intended for use in energy-efficient jet technologies. The 

broader aim is to enable the development of adaptive jet 

control systems characterized by high responsiveness, 

structural simplicity, and broad applicability. In parallel, 

the study includes the development of digital twin models 

to aid in the training and professional growth of design 

engineers, based on methodological principles derived 

from Eulerian mechanics (1, 2). The switching time 

between nozzle operating modes can be reduced by 

employing a multi-stream nozzle, where a single large 

nozzle is replaced by a cluster of smaller, geometrically 

similar ones. 

 

 

2. MATERIALS AND METHODS 
 

To provide a clear representation of the research 

methodology employed, a flowchart has been 

constructed and is presented in Figure 1. This 

methodology encompasses the full scope of activities 

contributing to the development of new technological 

solutions in the field of energy-efficient jet installations. 

First of all, it is necessary to prepare theoretical 

hypotheses which are then translated into schematic 

representations of various devices through 

comprehensive analysis of scientific and technical 

literature. Based on these schematics, computer modeling 

is carried out using CFD technology. Following the 

analysis of modeling results, three-dimensional 

prototypes are created using 3D printing. The subsequent 

stages include assessing the potential for publishing 

scientific papers and patents, as well as incorporating the 

obtained research data into a unified database to support 

further fundamental and applied studies. The outcomes 

of this work contribute to educating students and training 
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intelligent systems in new developments and 

recommendations within the research domain. 

The formulation of hypotheses is carried out within 

the framework of multiparametric (multidimensional) 

problems, drawing on Euler’s ideas. Consideration is also 

given to the prospect of more active practical application 

of artificial intelligence tools. A fundamental research 

direction has been selected, focused on the study of gas-

dynamic and hydrodynamic processes in thrust vector 

control under extreme conditions, thereby opening new 

opportunities to transcend established boundaries and 

expand the existing body of knowledge (1, 2). 

 

 

 
Figure 1. Block diagram of the methodology employed in the course of scientific research 

 

Information derived from external sources, 

incorporating anticipated prospects for 

interdisciplinary integration 

Development of hypotheses on the 

advancement of science and technology, 

grounded in Euler’s methodology (based 

on Euler's ideas) 

Education and training of students alongside 

human–machine interaction systems 

Assessment of potential for public disclosure of 

selected scientific research outcomes (within 

the framework of addressing contemporary 

scientific and practical challenges) 

Processing of all incoming data (incorporating 

the application of artificial intelligence tools) 

Establishment of a database aimed at 

facilitating both fundamental and applied 

research, including components of conceptual 

design 

Comprehensive evaluation of all received 

scientific and technical data 

Post-processing and evaluation of 

computational fluid dynamics output 

Numerical modeling utilizing 

computational fluid dynamics methods 

Development of three-dimensional 

models for computational fluid dynamics 

(CFD) 

Development of numerous promising 

circuit configurations 

Development of three-dimensional models 

intended for subsequent fabrication using 

3D printing technology 

Development of recommendations 

aimed at promoting scientific research 

and enabling the practical utilization of 

individual research outcomes 

Patenting new technical 

solutions 

Production of new 3D models 

Internal training of personnel and 

artificial intelligence systems 
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Within fundamental research, the objective is to 

broaden the range of possibilities for achieving 

competitive advantages in the advancement of science 

and technology. Within applied research, the objective is 

to develop recommendations for the practical 

implementation of new competitive advantages from the 

aforementioned set of possibilities. 

The scientific and engineering research was carried 

out with reference to the theoretical works of Euler. As 

demonstrated by the results obtained, Euler’s legacy has 

not yet been fully explored. Many of his ideas were far 

ahead of their time and, in fact, continue to surpass our 

present understanding. It is appropriate here to recall the 

remark made by Feyerabend (44): “There is no idea, 

however ancient or absurd, that is not capable of 

improving our knowledge. The whole history of thought 

is condensed in science and is used for the improvement 

of every single theory. No idea has ever been studied in 

all its implications, and no concept has ever been given 

all the chances it deserves to succeed. Theories are 

eliminated and replaced by more fashionable ones long 

before they have had the opportunity to display their full 

worth.” One of Euler’s fundamental works, originally 

written in 1754, was reintroduced by modern historians 

in digital format in 2021 (45). In this work, Euler 

described his new turbine and presented a mathematical 

model for calculating the Segner turbine. Building on this 

foundation, it remains possible today to formulate new 

directions for the advancement of science and 

engineering. 

According to Euler’s methodology, scientific, 

inventive, and engineering tasks should be addressed as 

part of an integrated whole within the framework of 

interdisciplinary studies. In such interdisciplinary 

research, mathematics and computer technologies (CFD) 

currently serve as the principal unifying elements. 
 
 
3. RESULTS 
 
3. 1. Development of a conceptual design of a 
Multi-stream Nozzle Apparatus           Building upon 

Euler’s work (45), the present study extends the 

investigation to a variant of the patented technical 

solution (1-3). Figure 2 presents a schematic diagram of 

a jet device enabling angular displacement of the nozzle 

1. 

In the general case, when Euler’s work is interpreted 

more broadly, various modes of fluid flow through the 

nozzle 1 can be considered. These may involve a liquid, 

a gas, or a multiphase multicomponent medium. The 

flow velocity at the nozzle exit is denoted by 𝑣𝑐. The 

nozzle may move with velocity 𝑣𝑟 or remain stationary, 

depending on the boundary conditions of the problem. 

The flow direction can be varied by controlling the thrust  

 
Figure 2. Schematic of the jet device variant (1-3): 1 – 

nozzle, 2 – energy supply point, 3 – energy transmission 

channel 
 

 

vector within the limits of a complete geometric sphere, 

with thrust vector control considered in terms of its 

magnitude, direction, and point of application. 

In a specific case, Euler employed this schematic 

when developing the theoretical model for calculating the 

Segner turbine (45). It is therefore reasonable to 

reproduce Euler’s mathematical reasoning. The reactive 

force (thrust) 𝐹 generated by the flow of a fluid with 

density 𝜌 and volumetric flow rate 𝑄 is expressed as: 

𝐹 = 𝑄𝜌(𝑣𝑐 − 𝑣𝑟)  (1) 

𝑣𝑟 = 𝜔𝑟  (2) 

where 𝑟 is the radius of the rotor in the Segner turbine, 

and 𝜔 is the angular velocity of the rotor. 

Torque of the rotor: 

𝑀 = 𝐹𝑟  (3) 

Effective power of the turbine: 

𝑁𝑖 = 𝑀𝜔 = 𝐹𝑟 ∗
𝑣𝑟

𝑟
= 𝐹𝑣𝑟 = 𝑄𝜌(𝑣𝑐 − 𝑣𝑟)𝑣𝑟  (4) 

The power of the flow at the turbine inlet, given the 

inlet pressure 𝑃0, and the outlet pressure 𝑃𝑟  , is expressed 

as: 

𝑁0 = 𝑄(𝑃0 − 𝑃𝑟) = 𝑄𝜌 ∗
𝑣0

2

2
  (5) 

The efficiency of the turbine (for the idealized turbine 

model) is given by: 

𝜂 =
𝑁𝑖

𝑁0
=

2(𝑣𝑐−𝑣𝑟)𝑣𝑟

𝑣0
2   (6) 

𝑣𝑐
2

2
𝜌 = (𝑃0 +

𝑣𝑟
2

2
𝜌) − 𝑃𝑟 =

𝑣𝑟
2

2
𝜌 +

𝑣0
2

2
𝜌  (7) 

𝑣𝑐 = √𝑣𝑟
2 + 𝑣0

2  (8) 

Relative velocity: 
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𝑣 =
𝑣𝑟

𝑣0
  (9) 

𝜂 =
2(√𝑣𝑟

2+𝑣0
2−𝑣𝑟)𝑣𝑟

𝑣0
2   

(10) 

A representation of Euler’s formula for the idealized 

Segner turbine (45) is given as: 

𝜂 = 2(√𝑣2 + 1 − 𝑣)𝑣  (11) 

An alternative formulation of Euler’s equation –

adapted for the actual Segner turbine and its possible 

modifications, and incorporating the nozzle discharge 

coefficient 𝜇 = 𝜀𝜑, where 𝜀 is the jet (flow) contraction 

coefficient and 𝜑 is the velocity coefficient of the nozzle 

assembly and the flow passages as a whole, introduced to 

account for hydraulic losses – is given as: 

𝜂 = 2(𝜇√𝑣2 + 1 − 𝑣)𝑣  (12) 

Base on Bistafa (45) and Equations 1-11 partially 

reflect the scientific foundation laid by Euler for the 

development of modern turbomachinery and jet 

technology as a whole. The potential of Euler’s ideas has 

not yet been fully revealed, and future generations of 

researchers will need to continue advancing this line of 

inquiry. 

Based on Euler’s Formulas 1-11, the parameters of a 

reactive jet with cross-sectional area 𝑓 can be separately 

described for the case when 𝜔 = 0. In this case, the thrust 

of a stationary reactive nozzle, 𝐹0, can be defined as 

follows: 

𝐹0 = 𝑄𝜌𝑣𝑐 = 𝑄𝜌𝑣0 = 𝑓𝜌𝑣0
2 = 𝑓𝜌(2

𝑁0

𝐹0
)2  (13) 

According to Euler’s static theory, the principal 

parameters of an ideal jet are related by the following 

expression: 

4𝜌𝑓
𝑁0

2

𝐹0
3 = 1  (14) 

This form of Euler’s Equation 14 is applicable to the 

calculation of jet systems with arbitrary cross-sectional 

shapes for an idealized jet. In the specific case of a jet 

with a circular cross section – for instance, the jet at the 

exit of an air propeller of diameter 𝐷, Equation 14 can be 

transformed almost entirely into the Wellner–Zhukovsky 

equation (46), where the jet power 𝑁0 (in watts) is 

expressed as the product of the input power supplied to 

the air propeller and its efficiency (units of measure: 

thrust 𝐹0 in newtons; propeller diameter 𝐷 in meters). 

𝐹0
3 = (1,39 ∗ 𝐷 ∗ 𝑁0)2 =  (1,39 ∗ 𝐷 ∗ 𝑁𝐷 ∗ 𝜂𝐷)2  (15) 

In the Wellner–Zhukovsky equation (46), the 

coefficient takes a value of 1.37. As shown by the derived 

formula based on Euler’s theory 15, a discrepancy arises 

in the third significant digit of this coefficient. However, 

given the universality of Equation 14, it can be applied to 

a broad range of nozzle configurations and jet geometries 

– circular, rectangular, triangular, annular, and others, as 

well as to media of different densities, thereby enabling 

adaptation to varying flight altitudes in aeronautical 

applications. 

Summarizing the intermediate results, the following 

conclusions can be drawn: 1 – one of the patented 

variants of a jet apparatus with distributed energy supply 

has been analyzed within the framework of Euler’s 

theory (1-3), demonstrating the capability for thrust 

vector control across the entire geometric sphere; 2 – 

numerical experiments have confirmed the operability of 

a multi-stream jet apparatus with distributed energy 

supply, intended for the development of compact, high-

response, and ergonomically efficient control systems 

capable of addressing a wide range of applied 

engineering tasks; 3 – based on the obtained results, a 

preliminary conclusion can be drawn regarding the 

applicability of such jet systems for processes involving 

the transfer of gases, liquids, and gas–liquid mixtures. 

Figure 3 presents the conceptual design developed in 

the course of investigating advanced jet systems (1, 2). 

These systems are intended to address a range of practical 

tasks, including hydrocarbon extraction and processing, 

as well as thrust vector control within the limits of a 

complete geometric sphere. 

The block shown contains flow channels. At the 

critical cross-section, the channel is rectangular, 

measuring 1.5 mm by 1.95 mm. The block height is 11 

mm. 

The nozzle apparatus shown in Figure 3 is assembled 

from 8 units. The height of the nozzle device can be 

decreased by an order of magnitude through the parallel 

integration of 80 channels. A geometrically similar 

nozzle apparatus with only a single flow channel would 

have a height of 110 mm instead of 11 mm. 

 

 

 
Figure 3. Conceptual diagram of the unit containing 10 flow 

channels 
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Figure 4 (a). Three-dimensional computer model of the 

nozzle apparatus, which includes 10 flow channels, was 

created for numerical experiments 

 

 

 
Figure 4 (b). Three-dimensional computer model of the 

nozzle apparatus, which includes 8 units and a total of 80 

flow channels, was created for numerical experiments 

 

 

 
Figure 4 (с). A three-dimensional computational model of 

the nozzle apparatus was developed to perform numerical 

experiments. The model represents a block comprising five 

adjustable flow channels, configured with one open central 

channel and four closed peripheral channels 

 

 

3. 2. Results of Computer Modeling           In the 

numerical experiments, air served as the model working 

medium. The baseline parameters used for the 

calculations in this case study included gas inlet 

pressures of 1.5 MPa (Case No. 1), 3 MPa (Case No. 2), 

and 6 MPa (Case No. 3). The temperature of the gas 

entering the nozzle was maintained at 2000 °C. 

Gas pressure at the nozzle inlet: 𝑃=3 MPa (Cases No. 

4 and No. 5). Gas temperature at the nozzle inlet: 1000 

ºC. 

The outlet pressure was set to atmospheric conditions, 

specifically 101,325 Pa, while the surrounding ambient 

temperature was 20 °C. 

• Computer parameters used for CFD: 

• Software Product (SW for calculations): Flow 

Simulation 2018 SP5.0 

• CPU type (processor): Intel(R) Core (TM) i5-

6200U CPU @ 2.30GHz 

• CPU speed: 2401 MHz 

• RAM: 8065 MB 

• Operating system: Windows 10 

The k–ε turbulence model was used; the 

computational mesh was generated automatically, A grid 

consisting of more than 700,000 cells was employed, 

with the solver performing 1,500 iterations. 

In agreement with the client, the parameters of the 

computer system used for performing CFD simulations 

were determined at the conceptual design stage. 

According to the current state of the art, similar 

simulation conditions are commonly applied in the study 

of nozzle devices for aerospace and rocket applications. 

However, based on expert recommendations, more 

precise and higher-performance computational 

equipment and technologies will be required to conduct 

CFD analyses during the transition to optimization tasks 

aimed at the development of specific products and 

production series. 

Figures 5 through 9 offer a detailed graphical 

representation of specific results obtained from the 

computational modeling process, highlighting significant 

trends and observations. 

In Case No. 1, the following data were obtained: mass 

flow rate of gas – 0.296 kg/s; thrust – 396.53 N. Within 

 

 

 
Figure 5. Results of computer modeling, Case No. 1 
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the framework of digital twin development, additional 

rapid calculations were also performed using the 

methodology described in (43). The results were as 

follows: mass flow rate of gas – 0.302 kg/s; thrust – 

472.90 N. 

In Case No. 2, the following data were obtained: mass 

flow rate of gas – 0.578 kg/s; thrust – 950.42 N. Using 

the methodology described in (43), the corresponding 

results were: mass flow rate of gas – 0.603 kg/s; thrust – 

1,015.95 N. 

In Case No. 3, the following data were obtained: mass 

flow rate of gas – 1.173 kg/s; thrust – 2,144.04 N. Using 

the methodology described in (43), the corresponding 

results were: mass flow rate of gas – 1.206 kg/s; thrust – 

2,140.15 N. 

In Case No. 4, the following data were obtained at a 

working gas temperature of 1000 ºC: gas mass flow rate: 

0.00905 kg/s; thrust: 11.20 N. Specific thrust (defined as 

the ratio of thrust to gas mass flow rate): 1237.7 N/(kg/s). 

 

 

 
Figure 6. Results of computer modeling, Case No. 2 

 

 

 
Figure 7. Results of computer modeling, Case No. 3 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 8. Results of computer simulation, Case No. 4 

 



2578                                   Y. A. Sazonov et al. / IJE TRANSACTIONS A: Basics  Vol. 39, No. 10, (October 2026)   2571-2582 

 

As part of the development of digital twins for rapid 

computational analysis, additional calculations were 

carried out using the methodology described by Sokolov 

and Singer (43). The corresponding results were as 

follows: gas mass flow rate: 0.01007 kg/s; thrust: 12.70 

N. Specific thrust (the ratio of thrust to gas mass flow 

rate): 1260.8 N/(kg/s). 

In Case No. 5, the following data were obtained at a 

working gas temperature of 1000 ºC: gas mass flow rate: 

0.04807 kg/s; thrust: 60.125 N. Specific thrust (defined 

as the ratio of thrust to gas mass flow rate): 1250.7 

N/(kg/s). 

 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 9. Results of computer simulation, Case No. 5: 

assessment of convergence in nozzle thrust calculation 

 

 

As part of the development of digital twins for rapid 

computational analysis, additional calculations were 

carried out using the methodology described by Sokolov 

and Singer (43). The corresponding results were as 

follows: gas mass flow rate: 0.0504 kg/s; thrust: 63.50 N. 

Specific thrust (the ratio of thrust to gas mass flow rate): 

1260.8 N/(kg/s). 

Similar calculations were carried out for the operating 

conditions of the nozzle apparatus in a cold-gas 

environment and in liquid. In all cases, the operability of 

the new multi-stream nozzle apparatus was confirmed. 

The results of the research will be used in creating 

advanced energy-efficient jet devices and systems. 

 
 
4. DISCUSSION  
 

Within the framework of conceptual design, digital twins 

are required that provide capabilities for rapid 

calculations and for verifying the operability of new 

technical solutions. In regions of high velocities and 

supersonic flows, such tasks are particularly challenging. 

Modern CFD technologies provide unique opportunities 

to investigate complex gas-dynamic and hydrodynamic 

processes within the channels of multi-stream ejectors 

and nozzle apparatuses. 
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The jet system shown in Figure 2, under conditions 

where 𝜔 = 0, allows the nozzle 1 to be oriented in a 

specified direction by means of angular displacement. 

Once positioned, the nozzle 1 can be fixed in place to 

provide the required thrust vector, enabling control over 

its direction. Thrust vector control by absolute value can 

be achieved by regulating the mass flow rate of the 

working medium at the nozzle 1 outlet. This simple 

configuration, originally presented in Euler’s work (45), 

can be – and already is – applied in the development of 

more advanced and sophisticated systems for thrust 

vector control with respect to absolute value, direction, 

and the spatial coordinates of the point of force 

application. 

For Cases No. 4 and No. 5, the gas temperature used 

in the calculations was 1000 ºC, which corresponds to the 

current state of the art in material selection. For Cases 

No. 1, No. 2, and No. 3, the gas temperature was set to 

2000 ºC, representing near-term technological prospects 

achievable through the use of advanced materials. 

Euler’s mathematical model, originally developed for 

the Segner turbine, together with formulas 11-15, can be 

applied to describe jet systems designed for thrust vector 

control (1-3). In the particular case of a static propeller, 

the Wellner–Zhukovsky equation (46) can be directly 

derived from Euler’s theory. It is therefore appropriate to 

extend the analysis of Euler’s seminal work (45) with the 

goal of developing new computational algorithms and 

digital twin models for the design of jet propulsion 

systems – both for applied engineering applications and 

for educational purposes in the training of design 

engineers. 

Summarizing the intermediate results, the following 

conclusions can be drawn: 

One of the patented variants of the jet system (3), 

designed for energy distribution with the capability of 

thrust vector control within the limits of a complete 

geometric sphere, has been investigated. 

Numerical experiments confirmed the operability of 

the multi-stream lattice-type nozzle apparatus, also 

oriented toward the development of compact, high-

speed, and ergonomic control systems for a wide range 

of applied tasks. 

Based on the results of computer modeling, a 

preliminary conclusion can be made regarding the 

suitability of such lattice-type jet systems for operation 

under conditions of liquid pumping and gas–liquid 

mixture handling, including applications with hybrid 

blade machines. 

The materials presented in this article constitute a 

logical continuation of a series of fifteen publications in 

international scientific journals prepared by the authors 

between 2020 and 2025 (including journals ranked in 

Q1-2). The scientific novelty of the developed 

technological solutions is confirmed by a number of 

Russian patents for inventions: Nos. 2847614, 2847612, 

2839870, 2819487, 2813562, 2802351, 2781534, 

2781455, 2778961, 2750833, 2726511, 2714989. 

Figure 10 shows photographs of the fabricated 

micromodel of the multi-stream nozzle. 

 

 

 
(a) 

 
(b) 

 
(c) 

Figure 10. Micromodel of the multistream nozzle: a) Nozzle 

body and two movable blocks with diffusers (variants); b) 

Configuration with open nozzle flow channels; c) 

Configuration with closed nozzle flow channels 
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The micromodel shown in Figure 10 was fabricated 

according to the schematic presented in Figure 3. The 

design allows the diffuser block to shift in a plane 

perpendicular to the working medium flow passing 

through the multi-stream nozzle. Two operational 

positions are illustrated in Figure 10: 1 – nozzle open, 2 

– nozzle closed. Intermediate positions of the diffuser 

block are also possible, resulting in a partially open 

critical section of the nozzle. Additional nozzle 

adjustment can be achieved via a movable perforated 

diaphragm placed between the converging section and 

the diffuser section. In this configuration, the diffuser 

block can be rigidly attached to the nozzle body, 

representing one of many possible arrangements. One 

such configuration is illustrated in Figures 4 and 8 for 

Case No. 4, where the central channel remains open 

while the four peripheral channels are closed using 

diaphragms at the critical cross-sections. 

A lightweight movable perforated diaphragm can 

serve as a shut-off regulating device capable of 

simultaneously closing the critical sections of all 

channels in the multi-stream nozzle (Figure 4b). In the 

cases corresponding to Figures 3 and 4b, a diaphragm 

displacement of 1.5 mm is sufficient for complete nozzle 

closure. By comparison, a conventional nozzle of 

equivalent design speed would require a diaphragm 

displacement of approximately 15 mm at the critical 

section, assuming equal diaphragm movement speed. 

Calculations confirm that the time required to switch 

the nozzle operating mode can be significantly reduced 

through the use of a multi-stream nozzle, where a single 

large nozzle is replaced by a group of smaller, 

geometrically similar nozzles. Examples demonstrate 

that, using this technology, actuation time can be reduced 

by nearly a factor of ten. 

Further research into multi-stream nozzle apparatuses 

is warranted. These nozzles are more compact and can be 

adapted to complex fuselage contours of aircraft. Linear 

channel arrangements (Cases No. 4 and No. 5) are 

preferable, as they maintain specific thrust comparable to 

that of a single conventional nozzle. Grouping multiple 

channels into a single block (Case No. 3) is estimated to 

reduce specific thrust by approximately 15% relative to a 

single conventional nozzle. 

A patented modification of a multi-flow nozzle 

assembly (3) has been developed and tested, allowing for 

energy distribution during thrust vector control within a 

full geometric sphere. This aspect was partially 

addressed in works (1, 2). Calculations confirm the 

possibility of reducing the time required to switch the 

nozzle operating mode, which is achieved by using a 

multi-stream nozzle, where a single large nozzle is 

replaced by a group of smaller, geometrically similar 

nozzles. Examples demonstrate that, using this 

technology, the actuation time can be reduced by nearly 

a factor of ten. 

New methodological approaches for the design of 

complex jet systems with the ability to work with 

supersonic flows are proposed as a continuation of 

previously published works (1, 2). 

New possibilities for the control of extreme gas flows 

are proposed. The findings of this study have potential 

applications across energy sectors, oil and gas extraction, 

and multiple domains within robotics. Additionally, an 

extension of Euler’s methodological framework is 

proposed, aimed at addressing practical challenges in 

higher education and enhancing the training process for 

contemporary design engineers. 

Computer modeling was conducted, yielding the 

following data: 

1. In example No. 1: gas mass flow rate is 0.296 kg/s; 

thrust is 396.53 N. As part of the creation of digital 

twins, for fast calculations, calculations were also 

performed using the method (43), respectively, the 

gas mass flow rate is 0.302 kg/s; thrust is 472.90 N. 

2. In example No. 2: gas mass flow rate 0.578 kg/s; 

thrust 950.42 N. Using the method (43), the 

following values were obtained: gas mass flow rate 

0.603 kg/s; thrust 1015.95 N. 

3. In example No. 3: gas mass flow rate 1.173 kg/s; 

thrust 2144.04 N. Using the method (43), the 

following values were obtained: gas mass flow rate 

1.206 kg/s; thrust 2140.15 N. 

What makes this device suitable for effective use in 

pumping and compressor units within the oil and gas 

industry. 

 

 

5. CONCLUSIONS 

 

The application of artificial intelligence to solving 

scientific and inventive problems with multiple 

parameters remains a major and unresolved challenge. A 

clear interpretation of the results of artificial intelligence 

work is still lacking. Scientific groundwork has been laid 

for addressing extreme maneuvering problems with 

thrust vector control within a full geometric sphere. 

When summarizing the intermediate results (for the 

period 2020–2025), it should be noted that with the 

transition from the conceptual design stage to the 

preliminary design stage, including prototype 

development, a significant increase in funding will be 

required to carry out more precise and higher-cost 

computational and design work, including CFD 

simulations and additive manufacturing technologies. 
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Persian Abstract 

 چکیده 
ای در یک حوزه علمی نوظهور است که بر کنترل بردار رانش بر روی یک هندسه کروی کامل متمرکز است، که در آن بردار رانش رشته هدف این مقاله انجام تحقیقات میان 

درجه در تمام جهات فضایی منحرف شود. یک نوع ثبت اختراع شده از دستگاه نازل چند جریانی مورد تجزیه و   180±ای کامل  تواند به طور مداوم در یک محدوده زاویهمی

شود. یک مقطع بحرانی از هندسه مستطیلی بررسی شده است. این مقاله  گیرد. توزیع انرژی گاز عامل برای مواردی با فشارهای کاری مختلف تجزیه و تحلیل می تحلیل قرار می 

  2140.15نیوتن تا    396.53کیلوگرم بر ثانیه و برای رانش از    1.173کیلوگرم بر ثانیه تا    0.296جرمی گاز از  سازی را با طیف وسیعی از مقادیر برای نرخ جریان  نتیجه شبیه   3

آمده، از جمله ایجاد دوقلوهای دیجیتال برای استفاده در فرآیند آموزشی در آموزش مهندسان، مورد بحث قرار دستاندازهای کاربرد عملی نتایج بهدهد. چشمنیوتن ارائه می 

های بزرگ سازگار  پیشنهاد شده است که با رویکردهای معاصر برای مدیریت مجموعه داده  CFDهای  گرفته است. برای طراحی مفهومی، روش اویلر در ترکیب با فناوری 

ای بر اساس روش اویلر ایجاد شده است. سه جهت اصلی برای تحقیقات علمی بیشتر شناسایی  های جت چندجریانی از نوع شبکه است. یک پایه علمی برای توسعه سیستم

 های رباتیک حمل و نقل برای عملیات در زمین، دریا و هوا.های نفت و گاز؛ و سیستموری انرژی؛ توسعه مؤثر میدانهای قدرت با بهرهشده است: سیستم 
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