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Abstract. The relevance of the study is determined by the ability of borehole jet pumps to increase the efficiency of
technological processes in difficult mountainous and geological conditions. The aim was to establish the laws of trans-
formation of the velocity profile in the production inlet chamber of a borehole jet pump based on the construction and
subsequent analysis of the distribution of kinematic parameters of the total working and injected flows. Simulation of the
operating process of the ejection system was performed in the ANSYS software and calculation module for four three-di-
mensional models of a borehole jet pump. The geometric models are constructed with an uneven density of calculation
elements in places of complex geometry and a high gradient of hydrodynamic parameters. For each of the studied models,
a series of velocity profiles placed at regular intervals at different distances from the pump throat section of the pro-
duction inlet chamber was constructed. The constructed velocity profiles include sections with uniform and nonlinear
distribution of kinematic parameters of mixed flows. It is established that the maximum values of the velocity of mixed
flows are present on the axis of the jet pump and are the same for all the studied models. The axial velocity of the mixed
flows decreases as the distance to the pump throat section of the production inlet chamber increases. The minimum axial
velocity was obtained for a jet pump model with a maximum production inlet chamber length. For two models of a jet
pump with a production inlet chamber length of 287 mm and 328 mm, stabilisation of the axial velocity values of the total
working and injected flows was obtained. The immutability of kinematic parameters for these jet pump models indicates
the completion of the process of equalising the velocities of mixed flows. Taking into account that if the required dimen-
sions of the kinematic stabilisation section are exceeded, hydraulic losses in the flow part of the ejection system increase,
its optimal design corresponds to a model with a jet pump production inlet chamber length of 287 mm. The practical value
of the study lies in the fact that this design provides the maximum efficiency of a borehole jet pump

Keywords: borehole jet pump; ejection system; production inlet chamber; velocity profile; kinematic parameter
distribution; flow stabilisation

Introduction

The rapid pace of global energy consumption has contrib-
uted to the search for alternative methods for the explora-
tion of hydrocarbon deposits, a special group of which in-
cludes technologies for using jet pumps. The main benefits
of using ejection technologies include preserving the nat-
ural permeability of productive horizons during their ini-
tial discovery, increasing the life of aging oil and gas fields,
increasing well productivity during bottom-hole cleaning,
implementing oil production stimulation methods, and
preventing environmental pollution in hydrocarbon ex-
traction and processing systems. The use of eddy current

pumps contributes to increasing the energy efficiency of
pipeline transportation of oil and petroleum products.
The inclusion of jet pumps in the technological pipeline
branching system helps to reduce the cost of transporting
high-viscosity oils with a significant formation fluid con-
tent. The prevalence of oil and gas ejection technologies
indicates their global importance and the relevance of re-
search aimed at improving the efficiency of operation of
borehole jet pumps.

V. Kotak et al. (2023) found that despite the simple
design, the jet pump’s operating process is based on the
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implementation of a complex mixing mechanism for co-
axial potential flows separated by a boundary turbulent
layer of variable structure with an uneven profile of hydro-
dynamic parameters. Significant complications in predict-
ing the operating process of jet pumps are also associated
with an increased tendency for cavitation phenomena to
occur in their flow parts. According to J. Gan et al. (2022),
the probability of loss of flow continuity increases with op-
erating ejection systems with a centrally located working
nozzle. Scientists Y.-D. Cho & U. Shrestha (2020) concluded
in their paper that cavitation phenomena can also occur
when using annular jet pumps. The solution of the system
of equations that characterise the interaction of mixed
flows is usually carried out by an approximate method by
neglecting the value of individual components, which re-
duces the efficiency of modelling the operating process of a
jet pump. Based on the research results of A. Kurniawan et
al. (2023), the use of numerical simulation modelling and
modern software packages makes it possible to increase
the reliability of the choice of design and operating param-
eters of borehole gas ejection systems. In particular, in the
process of modelling the interaction of gas flows, the opti-
mal ratio of the cross-sectional areas of the production in-
let chamber and the nozzle of the gas ejector is established.

Increasing the reliability of predicting the character-
istics of a jet pump is provided by using neural network
models, as indicated by K. Xu et al. (2021). In the process of
optimising the flow part of the jet pump, an increase in the
pressure created by it by 30.46% was obtained. By combin-
ing computational fluid dynamics (CFD) with the Kriging
correlation model, K. Xu et al. (2020) established an opti-
mal relationship between the flow configuration of an an-
nular jet pump and the ratio of injection and operating flow
rates. Based on the results of modelling a single-phase flow
vortex in a shear layer between the operating and injected
flow using a Reynolds-averaged system of Navier-Stokes
equations and experimental measurements, A. Morrall et
al. (2020) determined the influence of the nozzle diame-
ter and flow swirl on the performance of the jet pump. The
swirling of the flow due to centrifugal forces allows for an
increase in the injection coefficient of the jet device. Scien-
tists A. Rogovyi & S. Lukianets (2022) established the effect
of swirling mixed flows on the energy efficiency of using jet
devices. Based on the solution of the Reynolds, continuity
and Rayleigh-Plesset equations in the Ansys CFX software
package, it is shown that the swirling of mixed flows can
double the efficiency of the jet device. The use of SNAP-
type software to analyse the characteristics of a borehole jet
pump makes it possible to increase the efficiency of using
special application programmes, as described by E. Zafarul-
lahetal.(2021). The analysis of the relationship between the
productive horizon and surface equipment obtained using
this software helped to increase the well flow rate by 42.9%.

A significant amount of research is devoted to opti-
mising the design of borehole jet pumps. In the CFD pro-
cess of modelling the operating process of the gas ejector,
V. Kumar et al. (2019) found that the maximum ejection

coefficient corresponds to zero distance between the work-
ing nozzle and the production inlet chamber of the jet ma-
chine. In the process of numerical modelling, Z. Wang et
al. (2023) determined that the optimal value of the main
geometric parameter of an oil jet pump provides a 10% in-
crease in the efficiency of the borehole ejection system. The
obtained result was confirmed in the course of experimen-
tal tests of an oil jet pump using orthogonal lattices de-
veloped by the Taguchi method during the planning of the
experiment. By solving the Navier-Stokes equations of mo-
tion of a three-dimensional stationary flow for five models
of the ejection system, Y. Yang et al. (2023) established the
significant influence of the geometric dimensions of the
diffuser on the formation of inhomogeneous eddy reverse
currents in the flow part of the jet pump, which reduces its
performance. The conducted studies have determined the
optimal value of the production inlet chamber diameter
from the point of view of ensuring maximum performance
of the jet pump, which is 16-17 mm.

In the course of the analysis, it was found that when
modelling the operating process of a jet pump, the influ-
ence on its characteristics of the hydrodynamic parameters
of the environment, the physical properties of the mixed
flows, the configuration of the elements of the ejection sys-
tem, the ratio of the cross-sectional areas of the production
inlet chamber and the working nozzle, their relative orien-
tation, and the parameters of the diffuser part are usually
studied. At the same time, the influence of the nature of
the velocity distribution in the production inlet chamber
of a jet pump on the features of its operating process is
insufficiently studied. The analysis of the kinematics of
mixed flows for an incompressible working medium makes
it possible to optimise the borehole jet pump’s operating
process and increase the efficiency of oil and gas ejection
technologies. The study aimed to establish regularities of
transformation of the velocity profile in the production
inlet chamber of a borehole jet pump. This goal involved
performing the following research tasks: constructing ve-
locity profiles of the operating and injected flows along the
production inlet chamber of the jet pump; establishing the
nature of changes in the maximum velocities of the mixed
flows; determining the length of the velocity stabilisation
section in the production inlet chamber of the jet pump.

Materials and Methods

Determining the nature of the velocity distribution of the
operating and injected flows along the production inlet
chamber of the jet pump involved the following stages of
research: construction of a geometric model of a borehole
jet pump; selection of boundary surfaces of the design
volume and boundary parameters of the operation of the
borehole jet pump; construction of a grid (design) model
of the borehole jet pump; solving the system of equations
obtained using the finite element method. The construc-
tion of mixed flow velocity profiles was carried out for four
models of a jet pump with the following geometric char-
acteristics: diameter of the working nozzle d =14 mm;
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production inlet chamber diameter d,= 28 mm; basic ge-
ometric parameter of the jet pump K, =4.0; absolute length
production inlet chambers L, = 164 mm; L, = 246 mm;
L.=287 mm; L, =328 mm; relative length of the production
inlet chamber Lyy = 72=5.86; L, = “2=8.79; L;; = 22=10.25;
Lis= % = 11.71; diffuser diameter d,=71 mm; diffuser
lengthlLd =280 mm.

Due to the design features of the jet pump, the typical
cross-sections of the ejection system were used in the pro-
cess of allocating the calculated volume (Chen et al., 2020).
The calculated volume was limited to the surfaces drawn
at the inlet of the operating flow to the working nozzle, at
the inlet of the injected flow to the receiving chamber, and
at the outlet of the mixed flow from the jet pump diffuser.
When choosing the restrictions imposed on the allocated
design volume, the generally accepted ratio of hydrody-
namic parameters is used in the form of a combination of
flow rates and pressures of operating, injected and mixed
flows (Deng & Dong, 2021). The boundary conditions in
the process of modelling the operation of the four jet pump
models were set by the corresponding flow rates of the
mixed flows and pressures in the characteristic cross-sec-
tions of the borehole ejection system. Considering that for
a given jet pump design, the maximum efficiency (efficien-
cy factor) of the ejection system corresponds to the value of
the injection coefficient i= 1.0, when justifying the choice
of boundary conditions, the same values of the flow rates of
the operating and injected flow are assumed Q, = Q.. In the
studied models of the jet pump, the liquid velocity of the
injected flow at the inlet to the production inlet chamber
was 40 m/s, and the working flow was 100 m/s.

In the process of constructing a calculated model of a
boreholejet pump, the geometric model is divided into finite
elements according to the specified grid parameters. The
process of building a calculation model is implemented us-
ing the built-in grid creation module in the ANSYS software
product — ANSYS Meshing (Fig. 1). The constructed geomet-
ric model corresponds to zero distance between the working
nozzle and the production inlet chamber of the jet pump.

|

a)

Figure 1. Calculation grid
of a three-dimensional jet pump model

Note: a - internal volume of the jet pump model; b —its section
Source: created by the author
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In order to reduce the duration of calculation opera-
tions while maintaining the required accuracy, an uneven
density of the calculation grid was used when constructing
the geometric model. The higher density of the calculated
elements corresponds to the working nozzle and the re-
ceiving chamber of the internal volume of the jet pump,
and the lowest density corresponds to the output section
of the diffuser. For each of the studied models, a series of
velocity profiles for different distances X from the inlet
cross-section of the production inlet chamber in incre-
ments AX=20.5 mm is constructed. Due to the different
geometric dimensions of the studied models, the number
of constructed profiles increases with increasing length of
the production inlet chamber of the jet pump.

Modelling of the jet pump operation process was car-
ried out in the ANSYS software and calculation module
Fluent, which provides high accuracy in solving problems
related to the complex interaction of mixed flows. In the
process of creating the computational model, the following
parameters were chosen: the type of calculator is “pressure
based”,whichis developed and traditionally used for incom-
pressible media; the turbulence model is k-epsilon (stand-
ard) with standard wall functions. The adopted turbulence
model focuses on mechanisms that affect the turbulent ki-
netic energy, and allows us to take into account processes
in the boundary shear layer of variable width between the
operating and injected flow with a high degree of reliability.

Results

According to the classical scheme of interaction of sub-
merged jets, the operating flow flowing out of the working
nozzle gradually expands due to the addition of the inject-
ed liquid and connects to its walls at a certain distance from
the inlet section of the production inlet chamber (Fig. 2).
The jet boundaries are delineated by straight lines i-i, and
they have an unequal slope to the pump axis in the initial
and final sections.
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Figure 2. Flow structure in the production
inlet chamber of a jet pump

Note: 1 — working nozzle; 2 — production inlet chamber
Source: created by the author

The i-i lines separating the working jet pass through
its pole (point O). In the central part of the operating jet
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there is a potential core I, bounded by the lines p-p, whose
width decreases with a constant rate along the flow and
takes on zero values at point A. The injected flow moving
in the production inlet chamber (area II) has the form of an
annular confuser. Areas I and II are zones of unbroken po-
tential flow with constant values of the axial velocity along
the length of the production inlet chamber. Between areas
I and II, a slow-motion zone is formed (area III) — a bound-
ary turbulent layer in which two flows mix). The most dif-
ficult area to analyse is area III, which is characterised by
an incoherently variable velocity profile. Area III ends with
the establishment of a fully developed current. Areas I, II,
and III thus form a three-layer flow structure, the outer and
central layers of which are marked by a close to uniform
velocity profile, and the internal shear flow is characterised
by intense eddy formation and an uneven distribution of
kinematic parameters.

In area IV, the alignment of the speed profiles contin-
ues, and the mixing process of the operating and injected
flows is completed. Depending on the geometric dimen-
sions of the elements of the flow part of the jet pump and
the hydrodynamic parameters of the mixed flows, point A
may be located to the right of the contact section of the line
i-i with the wall of the production inlet chamber. The flows
of the operating and injected medium enter the production
inlet chamber, where the velocity equalisation occurs, usu-
ally accompanied by an increase in pressure (Fig. 3).
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Figure 3. Dynamics of changing velocity profiles
in the production inlet chamber of a jet pump

Source: created by the author

The central (operating) jet enters the production inlet
chamber at a uniform speed V . The peripheral (injected)
flow also has a uniform V; but lower speed V,, <V . A signifi-
cant difference in velocities is the reason for the formation
of a boundary turbulent layer in which energy dissipation
occurs. Significant losses associated with mixing flows are
the reason for the low efficiency of the jet pump. The initial
velocity profile is marked by a uniform distribution of kine-
matic parameters of the operating and injected flow, which
characterises the potential flow movement. When moving
away from the inlet section of the production inlet cham-
ber, the profile section decreases with a uniform distribu-
tion of the operating and injected flow rates. Intermediate
velocity distributions are characterised by constant values
of the speed of the operating and injected flows, respec-
tively, in the central and peripheral parts of the production
inlet chamber. The final velocity distribution is parabolic in

nature and does not contain sections of a uniform profile.
The constant velocity profile is maintained until the initial
cross-section of the production inlet chamber (Fig. 4).
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Figure 4. Velocity profiles

for different distances X from the inlet section

Note: a) production inlet chamber length 164 mm: 1 -
0,2 -20.5mm, 3 -41 mm, 4 - 61.5mm, 5 - 82 mm, 6 -
102.5 mm, 7 — 123 mm, 8 — 143.5 mm, 9 — 164 mm; b) pro-
duction inlet chamber length 246 mm: 1 - 0, 2 — 20.5 mm,
3-41 mm, 4 - 61.5 mm, 5 - 82 mm, 6 — 102.5 mm, 7 -
123 mm, 8 — 143.5 mm, 9 - 164 mm, 10 — 184.5 mm, 11 —
205 mm, 12 - 225.5 mm, 13 - 246 mm; c) production inlet
chamber length 287 mm: 1 - 0, 2 — 20.5 mm, 3 — 41 mm,
4-61.5mm,5-82mm, 6 - 102.5 mm, 7 - 123 mm, 8 —
143.5 mm, 9 - 164 mm, 10 — 184.5 mm, 11 - 205 mm, 12 -
225.5 mm, 13 — 246 mm, 14 — 266.5, 15 - 287 mm; d) pro-
duction inlet chamber length 328 mm: 1 - 0, 2 — 20.5 mm,
3-41 mm, 4 - 61.5 mm, 5 - 82 mm, 6 — 102.5 mm, 7 -
123 mm, 8 - 143.5 mm, 9 - 164 mm, 10 — 184.5 mm, 11 -
205 mm, 12 - 225.5 mm, 13 - 246 mm, 14 - 266.5, 15 -
287 mm, 16 - 307.5 mm, 17 — 328 mm

Source: created by the author
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Alignment of the mixed flow velocity field is provid-
ed with the appropriate length of the production inlet
chamber of the jet device. If the length of the production
inlet chamber is insufficient, the deterioration of the pump
characteristics is associated with the incomplete flow mix-
ing process. If the required length of the mixing chamber is
exceeded, hydraulic losses in the flow part of the jet pump
increase and the pressure created by it decreases. Calculat-
ing the length of the mixed flow velocity field alignment
section allows to determine the optimal length of the pro-
duction inlet chamber of the jet pump from the point of
view of ensuring minimal energy consumption. Despite
the different distances to the inlet cross-section of the
production inlet chamber, the calculated velocity profiles
include several characteristic sections (Fig. 4). The central
part of the profile is marked by a uniform or eccentric dis-
tribution of kinematic parameters, and its peripheral part
has a uniform or nonlinear profile. Between the central and
peripheral parts is a section of a nonlinear profile with a
configuration that varies depending on the distance to the
entrance to the production inlet chamber.

The width of the central section of uniform velocities
decreases when the section under study is removed from

V. Mlc

the entrance to the production inlet chamber. For all the
studied profiles, the maximum values of the movement
velocity of mixed flows occur on the axis of the jet pump.
As the distance to the inlet section of the production in-
let chamber increases, the axial velocity of the mixed flows
decreases. Thus, the qualitative change in the configu-
ration of the velocity profiles of the total operating and
injected flows along the production inlet chamber of the
jet pump shown in Figures 2-3 is confirmed. For the stud-
ied jet pump models, the axial velocity of the mixed flows
varies in the range: for a production inlet chamber with
a length of 164 mm: from V=102 m/s to V. =68 m/s;
for a 246 mm production inlet chamber: from V =102
m/s to V. =52 m/s; for a production inlet chamber with a
length of 287 mm: from V. =102 m/s to V . =48 m/s; for
a 328 mm production inlet chamber: from V=102 m/s to
V ..=47 m/s. The maximum values of the movement veloc-
ity of mixed flows are the same for all the studied models,
and the minimum value of kinematic parameters decreas-
es with increasing length of the production inlet chamber.
The change in axial velocities along the production inlet
chamber for all the models under consideration is deter-
mined by an asymptotic relationship (Fig. 5).
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Figure 5. Change of the axial velocity along the production inlet chamber of different lengths
Note: 1 - L, =164 mm; 2 - L,=246 mm; 3 — L,,=287 mm; 4 - L, =328 mm

Source: created by the author

According to the results obtained for models with a pro-
duction inlet chamber length L, =164 mm and L,, = 246 mm,
the axial velocity of the mixed flow decreases from the inlet
to the output section. For these jet pump sizes, the speed
equalisation process is not completed, which reduces the
efficiency of the ejection system. For models with a produc-
tion inlet chamber length of L, =287 mm and L, =328 mm
when approaching the initial cross-section, the axial ve-
locity takes constant values, which indicates the alignment
of the velocity profile and the completion of the mixing
process. Thus, in order to reduce hydraulic losses in the
flow part of the jet pump, it is necessary to use a produc-
tion inlet chamber with a length of L, =287 mm (L, =0.25).

Discussion

Based on the study of the operating process of the ejec-
tion system using the ANSYS Meshing and ANSYS Fluent
software modules as part of the pressure-based calculator
and the k-epsilon turbulence model, velocity profiles of the

Prospecting and Development of Oil and Gas Fields, 2024, Vol. 24, No. 1

total operating and injected flows were constructed for dif-
ferent distances to the inlet cross-section of the jet pump
production inlet chamber. The consistency of the results
obtained should be analysed in comparison with the re-
search materials of other authors. According to Y. Qian et
al. (2021), the maximum efficiency of the jet device corre-
sponds to the relative length of the production inlet cham-
ber , which varies in the range from 2.5 to 4.0. This range
of optimal ratios of the production inlet chamber length
of the jet device was obtained in the process of numerical
and experimental study of the features of transportation of
various operating media with a significant content of solid
inclusions. In the course of simulation modelling, a model
of a jet pump was used with the diameters of the output
cross-section of the working nozzle and the production
inlet chamber of 8 mm and 32 mm, respectively. The na-
ture of the interaction of mixed flows obtained in the CFD
modelling process confirms the existence of an extreme de-
pendence of the efficiency of the jet device on the length of

(27)
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the production inlet chamber. The ratio of cross-sectional
areas of mixed and operating flows in a jet device for hy-
draulic transport is twice as high as the similar parameter
of the models studied by the author, as a result of which
the path required for levelling the velocity profiles of mixed
flows and the optimal length of the production inlet cham-
ber are reduced.

Ye.lI. Kryzhanivskyi & D.O. Panevnyk (2019) developed
a three-layer mathematical model of mixing flows in the
form of coaxial potential flows with a uniform velocity dis-
tribution and a variable structure with an algebraic veloci-
ty profile placed between them. Using the theory of a sub-
merged jet moving in a concurrent flow, the flow structure
at the inlet to the production inlet chamber of a jet pump
is analysed, and the possibility of modelling the process of
mixing coaxial flows in the form of automodel velocity pro-
files of potential and shear flows of variable cross-section
with a three-layer structure is shown. For the regions of
potential flows, a uniform velocity profile is assumed, and
for the shear flow placed between them, a nonlinear pro-
file is assumed, which retains approximate automodelici-
ty throughout the entire initial section of the submerged
jet. By integrating the accepted velocity profile taking into
account the transition conditions between potential and
shear flows, the theoretical velocity distribution for mixed
flows in the flow part of the jet pump is determined. The
mathematical model of flow mixing is supplemented with
computer modelling data using the SolidWorks program.
The presented research results made it possible to obtain
an analytical expression for determining the velocity pro-
file exclusively for the inlet section of the production inlet
chamber and cannot be used to analyse the dynamics of
changes in the kinematic field when the mixed flow propa-
gates in the direction of the jet pump diffuser.

Researcher S. Karabaev (2021) notes that the opti-
mal length of the production inlet chamber of a jet device
should be in the range from 20 to 22. The optimal design
of the jet device was obtained during bench tests of a
gas-liquid oil ejector. The diameters of the working nozzle
and production inlet chamber of the studied models were
3.3 mm and 5.4 mm, respectively. In the course of research,
three models of jet pumps with a relative length of the
production inlet chamber were used: L., =11.1; 20.37; and
29.63. Industrial water was used for the operating flow, and
atmospheric air was used for the injected flow. Bench tests
were performed for different pressure ratios of the injected
flow. The criteria for optimising the design of a gas-liquid
ejector were the efficiency value and the injection coeffi-
cient value. According to the author, a significant excess
of the optimal length of the production inlet chamber ob-
tained during bench tests in comparison with the results
obtained by the author is associated with the gaseous state
of the injected flow. Due to the different aggregate state,
the formation of a homogeneous gas-liquid emulsion re-
quires a longer path length than the alignment of velocity
profiles in a single-phase flow. The low density and viscos-
ity of the injected flow have a significant effect on the pro-
duction inlet length of the flow.

The nature of the distribution of axial velocities along
the flow part of the jet pump obtained by the author is
consistent with the results of studies conducted at Xi’an
University of Technology (China) by T. Cao et al. (2023).
In this paper, when analysing the operating process of an
ultra-long ejection system, the inverse nature of the de-
pendence of the operating flow rate on the distance to the
inlet section of the production inlet chamber of a jet pump
is confirmed. The increase in the operating flow rate at the
entrance to the production inlet chamber of a jet pump
is associated with the conical shape of its initial section,
in contrast to the cylindrical production inlet chamber of
constant diameter in the models studied by the author.
The decrease in the speed of the operating flow along the
production inlet chamber of the jet pump is explained by
a decrease in its kinetic energy, part of which is spent on
increasing the speed of the injected flow. Given that the na-
ture of changes in the kinematic parameters of the injected
flow is not presented in this paper, the conducted studies
do not allow us to determine the distance to the inlet sec-
tion of the production inlet chamber, which corresponds
to the alignment of the velocity profile of the mixed flows.

The formation of a parabolic velocity distribution in
the end sections of the production inlet chamber is con-
firmed by modelling the operating process of the NSFB
39/45 oil jet pump using the ANSYS software environ-
ment. A. Rogovyi et al. (2022). The speed of the injected
and mixed flow during the construction of the computer
model was assumed to be 16 m/s and 19.5 m/s, respectively.
In the course of research, a cavitation mass transfer model
based on the Rayleigh-Plesset equation was implemented,
which made it possible to take into account the possibility
of reducing the pressure in the flow part of the jet pump
to the pressure of saturated vapours of well products. The
article shows the velocity profiles of the mixed flows for
different distances from the inlet section of the production
inlet chamber, but the reverse flow of the liquid caused by
cavitation led to a shift in the transit flow and a distortion
of the kinematic field in the flow part of the jet pump. The
significant asymmetry of the obtained velocity profiles
made it impossible to determine the area of stabilisation
of kinematic flow parameters and establish the optimal
length of the production inlet chamber of the jet pump ob-
tained from the results of this study.

The nature of the relationship between the ratio of
the mixing path length of the flows, the axial dimensions
of the production inlet chamber, and the efficiency of the
ejection system is confirmed by the results of studies con-
ducted by J. Zheng et al. (2022) at the China Clean Energy
Research Institute. In the course of comparative studies,
the hydraulic characteristics of two models of jet devic-
es with different lengths of the production inlet chamber
were determined. In one of the studied models, the length
of the production inlet chamber was equal to the length of
the flow mixing path, and in another model, the alignment
of velocity profiles was completed at the initial section
of the diffuser. According to the results of the conduct-
ed studies, if the flow mixing process is completed in the
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diffuser part of the jet device, the flow rate of the mixed
flow is reduced by 15.6%. The disadvantage of the results
of the conducted research is the lack of an analytical ex-
pression that would combine the optimal length of the
production inlet chamber of the jet pump and the pressure,
cavitation and energy characteristics of the ejection sys-
tem. Insufficient geometric, kinematic and hydrodynam-
ic similarity of the working processes of ejection systems
does not allow us to generalise the results obtained and
effectively use them in the case of differences in the abso-
lute and relative geometric dimensions of the elements of
the flow part of the jet pump, the ratios of velocities, costs
and pressures of mixed flows.

Conclusions

Hydraulic losses during the mixing of flows are associated
with vortex formation in the shear boundary layer due to a
significant difference in the velocity of the operating and
injected flows and linear pressure losses in the production
inlet chamber of the jet pump. Linear pressure losses in
the production inlet chamber persist after the process of
levelling the profile of kinematic parameters is complet-
ed and are characterised by high velocity values and a tur-
bulent mode of mixed flow. Determining the length of the
production inlet chamber section that corresponds to the
completion of the speed equalisation process increases the
energy efficiency of the jet pump operating process. The
obtained velocity profiles of mixed flows at the entrance to
the production inlet chamber have a three-layer structure
with a predominantly uniform distribution of kinematic
parameters in the central region at the inlet sections of the
operating and injected flow and close to uniform distribu-
tion in the peripheral region. A section with a nonlinear
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Panevnyk

OdocnipkeHHs KiHEeMaTUYHOro Nons 3MillyBaHUX NOTOKIB

OnekcaHap MNaHeBHUK

[OKTOp TeXHIYHNX HayK, Npodecop

IBaHO-PpPaHKiBCbKMI HaLLiOHaNbHUI TEXHIYHWI yHiBepcuTeT HadTH i rasy
76019, Byn. KapnaTtcbka, 15, M. IBaHo-PpaHKiBCbK, YKpaiHa
https://orcid.org/0000-0003-2765-3776

AHOTaL,if. AKTyalbHICTh JOCTIIKEHHS BU3HAUAETHCS 3MATHICTIO CBEPAJIOBMHHMX CTPYMUHHUX HACOCIB MiABUINTH
edexTMBHICTh peanmizalii TeXHONOTIYHMX MPOILECIB Yy CKIAOHMUX TipCbKOTeoJoriyHMX yMoBax. MeTa mossrana y
BCTAHOBJIEHHI 3aKOoHOMipHOCTeli TpaHchopmauii npodigio MWBUAKOCTeN y Kamepi 3MillyBaHHSI CBepAJIOBMHHOTO
CTPYMMHHOT'O Hacoca Ha OCHOBi MOGYNOBM Ta HACTYITHOTO aHAIi3y PO3MOLiMY KiHeMaTUYHMUX NTapaMeTpiB CyMapHOTo
po60oUOro Ta iHKeKTOBAHOTO ITOTOKiB. MoJieTI0BaHHSI p060UYOTO IIPOoLiecy exkeKLiifHOI cucTeMu 37iliCHeHO B IPOrpaMHO-
po3paxyHkoBomy Mogyinai ANSYS mjis 4oTMpbOX TPUBMMIPDHMX MOZeneli CBepAJIOBUHHOTO CTPYMMHHOTO Hacoca.
TeomeTpuuHi Mofeni Mo6GymoBaHi 3 HepiBHOMIPHOIO y MICLSIX CKIagHOI reomerpii Ta BMCOKOTO rpajieHTa 3MiHU
riIpogMHaMiyHMX TapaMeTpiB IIJIbHICTI0O PO3MillleHHS PO3PaxyHKOBMX ejleMeHTiB. [l KOXKHOiI 3 AOCTiIyKyBaHUX
MoZeneii no6ynoBaHo cepito MpodiiB MBMUAKOCTE po3MillleHMX Yepe3 piBHI MPOMiKKM Ha Pi3HUX BiICTAHSIX BiJl BXiZHOTO
repepizy Kamepu 3MitryBaHHs. [To6ymoBaHi mpodini mMBUAKOCTEN BKIOYAKOTD Oi/ITHKY 3 pIBHOMiPHMM Ta HeJiHITHUM
PO3MOAiINIOM KiHEMaTUYHMX ITapaMeTpiB 3MilllyBaHMX MOTOKiB. BCcTaHOB/IEHO, 110 MaKCMMasbHi 3HaUeHHS LIBUAKOCTI
PYyXY 3MilllyBaHMX [TIOTOKiB MalOTh MicIie Ha OCi CTPyMMHHOTO HAacoca Ta € OAHAaKOBMMU [ BCiX AOCTiIKeHMUX MO eseii.
OcboBa WBUIKICTh PyXY 3MilllyBaHMX IOTOKIB 3MEHIIYETHCS MPY 36i/blIIeHH] BifcTaHi 40 BXiZHOrO Mepepisy kKamepu
3MilyBaHHs. MiHiManbHe 3HaU€HHS 0OCbOBOI LIBUAKOCTI OTPMMAaHO [J151 MOZeJli CTPYMMHHOI'O Hacoca 3 MaKCUMaJIbHOIO
IOBXMHOIO Kamepy 3MilllyBaHHS. [IJ1s1 ABOX MoJiesieil CTPyMMHHOIO Hacoca 3 JOBXMHOI0 Kamepy 3MillyBaHHS 287 MM
Ta 328 MM OTpMMaHO cTabini3allito 3HaUE€Hb OCbOBOI HIBMAKOCTI CYMapHOTO pPOGOYOro Ta iHKEKTOBAHOTO IMOTOKIB.
He3MiHHiCTh KiHeEMaTUUYHMX IapaMeTpiB /151 JaHUX MOJejieli CTPyMMHHOIO Hacoca CBiAYMThb PO 3aBeplLIeHHS IPOLecy
BMPiBHIOBaHHS MIBUIKOCTEH 3MilllyBaHUX MMOTOKiB. BpaxoByiouu, M0 y BUMAAKY [TePEBUIIEHHSI HEOOXiTHUX PO3MipiB
IOinssHKM cTabinizanii KiHeMaTMYHUX MapaMeTpiB 3pOCTAIOTh TifpaBiIiuHi BTPaTH B MPOTOYHIl YaCTMHI eXeKIiifHO1
CUCTeMHU, i1 omTUMMaabHa KOHCTPYKILis BifMOBiae Mozesi 3 JOBXKMHOIO KaMepu 3MilllyBaHHSI CTPYMMHHOTO Hacoca 287
MM. [IpakTHUHA [[iHHICT JOCTIIKEHHS MOJISITa€ B TOMY, 1[0 TaKa KOHCTPYKIIis 3a6e3meuye MakCMMaabHuil KoedilieHT
KOPMCHOI [1ii CBepIJI0BMHHOIO CTPYMMHHOT'O Hacoca

Knro4yoBi cnoBa: cBepmyioBMHHMI CTPYMMHHMII HACOC; €XeKIlijiHa CcucTeMa; Kamepa 3MillyBaHHS; Tpodiib
MIBUIKOCTE; PO3MOALT KiHeMaTUUHMX MTapaMeTpiB; cTabinisalis MoToOKy
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