[ ]
| Mining of Mineral Deposits

DNIPRO UNIVERSITY Volume 14 (2020), Issue 4, 59-65 JOURNAL / MINING.IN.UA
of TECHNOLOGY

UDC 532.542 https://doi.org/10.33271/mining14.04.059

Substantiation of the methodology for modeling and calculating the optimal
operating modes of a tandem pumping installation when mining uranium

Beibit Myrzakhmetov“®, Arkhat Sultabayev**, Saltanat Toktamissova®™*

Satbayev University, Almaty, 50013, Kazakhstan
*Corresponding author: e-mail salta.mahmood@gmail.com, tel. +77477227275

Abstract

Purpose. The purpose of the research is to develop a mathematical model of the jet pump (JP) working process and a calcu-
lation methodology for modeling, as well as to determine the optimal operating modes of a combined pumping installation
in downhole conditions.

Methods. When conducting research, the coordinated operation of an electric-centrifugal pump (ECP), a jet pump and a
reservoir is determined as the initial compulsory condition for the effective exploitation of extraction wells using a tandem
pumping installation (TPI). Theoretical studies describing the joint operation of a jet pump and an electric-centrifugal pump
were conducted, in the course of which mathematical modeling of the “productive reservoir — electric-centrifugal pump — jet
pump” system operation in a coordinated mode was used. Specific data from the Khorasan-2 deposit (Republic of Kazakh-
stan) mines are accepted as the initial data during the modelling. When modelling the jet pump operating modes, special
attention is paid to determining the boundary parameters of the pumped-out productive solution, at which cavitation can
occur. The modelling is performed using the Maple software package from Waterloo Maple Inc.

Findings. To assess the efficiency of pumping-out the productive uranium solutions from wells using tandem pumping
installations, a mathematical model of the jet pump working process has been developed. On its basis, a calculation metho-
dology for modeling the operating modes of a combined pumping installation with imitation of actual downhole conditions
has been compiled.

Originality. As a result of computational modeling, the high sensitivity of the cavitation modes of the jet pump operation to
the design parameters of the jet pump main elements has been revealed, while the tandem installation itself as a whole has a
lower sensitivity to changes in dynamic conditions. It has been substantiated that the use of a tandem pumping scheme for
pumping-out a productive uranium solution can increase the productivity and energy efficiency of the process.

Practical implications. The calculation methodology and algorithm make possible, with sufficient accuracy for practical
use, to quickly calculate the required geometric parameters of the jet pump to ensure rational and cavitation-free modes of
the tandem pumping installation depending on the specific downhole conditions in the “reservoir — electrical centrifugal
pump — jet pump” system. In addition, it is possible to develop some practical recommendations for the design of jet pumps,
working in tandem with submersible electric-centrifugal pumps.
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1. Introduction failures of downhole pumping equipment and an increase in
mining costs. Insufficient operational lifetime of the pumps
leads to the need of reducing the permissible loads and their
operation at off-design modes, hence to frequent repairs. All
this leads to an increase in overhead expenses for their
maintenance and repair, as well as an increase in the idle
time of wells during underground repairs with pump re-
placement [1]-[3].

It should also be admitted that in modern designs of elec-
tric-centrifugal pumps, the maximum possible indicators
have been practically achieved and a further sharp increase in
their efficiency is not expected in the near future.

Submersible electric-centrifugal pumps (ECP) are widely
used in the technology of uranium mining by the method of
bore-hole in-situ leaching (ISL). This is conditioned by a
number of their advantages such as high efficiency and head,
as well as ease of automation, control, compactness and so on.

However, the wells exploitation using highly-efficient
electric-centrifugal pumps is also associated with increased
energy consumption, which has a significant impact on the
mined products cost. The situation is worsened by high
pumped-out fluid aggressiveness and a significant content of
mechanical impurities in it, which is the reason for frequent
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Since the bulk of the production cost consists of the ex-
penditures for electricity and underground repairs of wells
to replace the pump, it is very important to select the opti-
mal pump and the technological mode of the wells opera-
tion in general.

In this regard, a significant part of recent research is
aimed at optimizing the operating modes of the existing
pumping stock [1], [2], [4], [5], including through the use of
combined pumping installations, which is also an essential
reserve for improving the technical and economic indicators
of wells exploitation. The latter means a coordinated
combination of elements in the “productive reservoir — well —
pumping installation” system.

In the oil producing industry, intensive theoretical and
practical studies are being conducted of the joint operating
modes of submersible electric-centrifugal and jet pumps, the
results of which confirm the prospects of using this
technology in the uranium industry [6]-[8].

One of the important issues for the recommendations
development in the design and practical application of tandem
pumping installations in the technology of uranium mining by
the method of bore-hole in-situ leaching (ISL) is the availability
of calculation methodologies for modeling the operating modes
of jet pumps in downhole conditions under changing dynamic
conditions. While most of the existing computational modeling
methods contain general recommendations or consider
particular cases of their application without taking into account
downhole conditions [9]-[11].

The wells exploitation with the use of highly-efficient elec-
tric-centrifugal pumps at off-design modes is associated with
increased energy consumption, which has a significant impact
on the mined products cost. One of the ways to increase the
efficiency of submersible electric-centrifugal pumps, tested in
the practice of oil production, is their sequential combination
with jet pumps, called combined or tandem.

Therefore, the main purpose of this modeling method
development is the calculation determination of rational
design parameters of the jet pump to optimize its operating
modes as part of a combined pumping installation in the
“reservoir — electric-centrifugal pump — jet pump” system.

1.1. State-of-the-art analysis in the field
of tandem pumping installations application
and methods for calculating their operation

A large number of works are devoted to the choice of
electric-centrifugal pumps operating mode and the assess-
ment of their efficiency. Their analysis leads to the conclu-
sion that the choice of the optimal mode of the well exploita-
tion is a task with many criteria and the need to take into
account a large number of factors [4], [5]. Therefore, no
single method exists today.

Recent studies have shown that one of the promising
ways to expand the functionality of downhole electric-
centrifugal pumps can be their combination with jet pumps,
namely, the use of so-called combined or tandem pumping
installations [12].

In this regard, in recent years, an interest has increased in
the development of new layouts and designs of tandem
pumping installations consisting of electric-centrifugal pump
and jet pump, as well as their use in technological processes
and practice of pumping-out productive uranium solutions
from wells by bore-hole in-situ leaching technology and
downhole fluid production. This advantage of jet pumps is
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especially evident in difficult operating conditions, for ex-
ample, when pumping-out solutions with a high content of
mechanical impurities, aggressive corrosive substances and
from directional wells. Their advantages also include sim-
plicity of design, absence of moving parts, high reliability,
small dimensions and high productivity.

Another important advantage is the automatic adjustment
of tandem pumping installations when the operating condi-
tions of wells change (changes in reservoir pressure, product
properties, wells output, etc.). Since the electric-centrifugal
pump and the jet pump have a direct “head — delivery” de-
pendence. The use of a tandem installation allows to increase
the total delivery of the productive solution, which makes it
possible to significantly expand the control range of the elec-
tric-centrifugal pump operating mode or to use a pump with a
lower delivery.

For example, the oil industry already has a number of
successful and tested in practice tandem pumping installa-
tions of the Russian National University of Oil and Gas
“Gubkin University” for various operating conditions [6].
Leading companies in the field such as KOBE, National
Oilwell, Guiberson, Wetherford, Trico Industries, Dresser
Industries and others also have extensive experience in the
design of efficient structures and the practice of using jet
pumping installations.

Despite this, the use of tandem pumping installations
when mining minerals by the method of bore-hole in-situ
leaching in domestic practice is not widespread. This is
caused by the difficulties in selecting the joint optimal pa-
rameters of the electric-centrifugal pump and the jet pump,
insufficient reliability of calculation methodologies for de-
termining the design parameters of the jet pump when work-
ing with multiphase fluids, determining the location of its
setting in the well at various viscosities and densities of flu-
ids, unstable flow rates and dynamic levels in it, etc. Most of
the methods consider particular cases of their application and
contain a large number of empirical coefficients, limiting
their application [9], [13], [14].

In the jet apparatus (Fig. 1), the potential energy of the
working flow, which is created by the electric-centrifugal
pump 1, is converted into kinetic energy in the high-pressure
nozzle 2. The kinetic energy of the working flow is partially
transferred to the injected flow, coming from the annular
space. When moving through the flow path of the jet appa-
ratus (mixing chamber 3), the velocities of the mixed flows
are equalized, and then the reverse transformation of the
mixed flow Kinetic energy into potential energy in the diffus-
er 4 occurs [15].

The diffuser diameter is several times (4-6) larger than
the nozzle diameter, and therefore the fluid velocity decreas-
es rapidly. The reverse process occurs of the kinetic energy
transition of the working fluid into the potential energy of the
injected fluid. The computational scheme of the jet pump and
the nature of the fluid pressure changing as the fluid moves
along its structural elements are shown in Figure 1.

The jet pump characteristics are similar to those of an
submersible electric-centrifugal pump, but they are rather
flat. They essentially depend on the design parameters of the
jet pump elements; the ratio of the nozzle area to the mixing
chamber area; nozzle diameter; the mixing chamber diameter
and the distance between the nozzle and the mixing chamber;
the mixing chamber length and the pressure drops of the
working and injected fluids.
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P, MPa
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Figure 1. Pattern of change in the working fluid pressure in the
jet pump: 1 - electric-centrifugal pump; 2 — high-pressure
nozzle; 3—-mixing chamber; 4 —diffuser; Pi—working
fluid pressure; Ps— pumped-out fluid pressure; Pt — pres-
sure at the mixing chamber outlet; Pq— fluid pressure at
the jet pump outlet; L — distance from the nozzle to mix-
ing chamber inlet; P, —pressure at the mixing chamber
inlet; (Pa — Ps) — pressure rise of the pumped-out fluid in
the jet pump; (Pi — Pq) — pressure fall of the working fluid
caused by its kinetic energy dissipation

One of the unfavourable factors, influencing significantly
on the reliability of elements and the operational lifetime of
pumps, is cavitation [10].

1.2. Research purpose and objectives

The purpose of the research is to develop a method for
calculating the rational operating modes of the tandem pump-
ing installation and the jet pump design parameters, corre-
sponding to them, when pumping-out a productive uranium
solution from the wells.

To achieve this purpose, the following objectives are set:

—substantiate the mathematical model of a hydraulic jet
pump for working in tandem with an electric-centrifugal pump;

—to describe mathematically the joint operation of a
downhole submersible electric-centrifugal pump and a hydrau-
lic jet pump, which will allow to determine rational design
parameters of the jet pump to ensure the optimal value of the
ejection coefficient at the maximum possible efficiency, ex-
cluding the cavitation phenomenon in the jet pump elements;

—to develop practical recommendations for determining
the rational design parameters of the jet pump under speci-
fied operating conditions.

2. Method and algorithm for calculating
the optimal operating modes
of the combined pumping installation

A compulsory condition for the effective extraction wells
exploitation using tandem pumping installation is the coordi-
nated operation of an electric-centrifugal pump, a jet pump
and a reservoir.

The jet pump efficiency is based on a function of the fol-
lowing main characteristics:

— geometric parameters;

— pressure and supply of the working fluid coming from
the ascending pipe of the electric-centrifugal pump;

— pressure of the injected fluid in the annular space at a
depth of the jet pump setting (that is, from the dynamic level);

— jet pump discharge pressure.

61

The main purpose of calculating the combined pumping
installation is to determine the optimal pump geometry,
which will ensure the operation of the “reservoir — electric-
centrifugal pump — jet pump” system in a coordinated mode.

The combined installation delivery is calculated as the
sum of the electric-centrifugal pump and the jet pump deli-
veries, equal to the design flow rate of the extraction well.
The calculation is made for the selected standard size of
electric-centrifugal pump with a known characteristic.

Computational modelling is performed according to the
following method.

1. Determining the productivity and pressure of the pro-
ductive solution at the electric-centrifugal pump outlet at a
given frequency:

q1=qn[%j: (1)
2
P.=p-g-hn(%] , )

where:

g: — delivery of the electric-centrifugal pump at current
(set) adjustment frequency, m3/h;

gn and h,—nominal delivery and head of the electric-
centrifugal pump at standard supply voltage frequency
(50 Hz);

Hz — set adjustment frequency of the electric-centrifugal
pump, Hz;

Pi —solution pressure at the electric-centrifugal pump
discharge at the current set frequency, MPa;

p — pumped-out fluid density, kg/m3;

g — free fall acceleration (9.81 m/s?).

Based on Equations (1)-(2), the head-capacity characteristic
of the electric-centrifugal pump for a given frequency is con-
structed, as well as the pressure and head of the installation at
the operating point with various frequencies are also calculated.

2. Determining the pressure at the jet pump suction at the
time of starting the electric-centrifugal pump:
Ps:(Hpump_den)'P'g! (3)
where:

Ps — pressure at the jet pump suction, MPa;

Hpump — depth (vertical) of the electric-centrifugal pump
descent, m;

Hayn — dynamic fluid level from the wellhead, m.

3. Determining the pressure at the jet pump discharge:

Fa =Pon +Hpump -£- 9 (4)
where:

Pq — pressure at the jet pump discharge, MPa;

Ppn — wellhead pressure, MPa.

4. Determining the main  theoretical  parameter
characterizing the jet pump — the ejection coefficient N:

Py —P
N = M , (5)
(R-Fy)

where:

Pq — pressure at the jet pump outlet, MPa;
Pi — pressure at the outlet from the high-pressure nozzle
of the jet pump, MPa.
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5. Determining the optimal ejection coefficient for the
range of the parameter (b) values by differentiating and set-
ting equal to zero of the equation (5) in the form:

N=TL (6)
Ny
where:

by means of n; = P4 — Ps and n, = P; — P4 — pressure drops
in Formula (5) are designated, as dimensionless coefficients,
respectively.

The difference of these pressures can be expressed
through the Bernoulli equation as:

n1:2-b+M—b2-(l+ Kin + Kai +a2);

(1+m)-(1+s-M)—S'M2(1+K ); -
c? nr

N, =1+ Ky -1y, (8)

where:

Kin — pressure loss factor due to friction in the mixing
chamber;

K — pressure loss factor due to friction in the diffuser;

Kn — pressure loss factor due to friction in the nozzle;

Ken — pressure loss factor due to friction at the mixing
chamber inlet (suction chamber);

a — ratio of the nozzle area to the diffuser area;

M — jet pump ejection coefficient;

b — ratio of the nozzle area to the mixing chamber area;
1-b

b’

S —ratio of the working and pumped-out flow density,
J!

P2
The optimal ejection coefficient is determined in the
range of values b =0.1...0.9 with setting the efficiency cor-
responding to a given point.
6. Determining the cavitation for various ratios of the noz-
zle and the mixing chamber areas according to the equation:

e =c | jO'S,

where:

M. — cavitation-limited ejection coefficient;

o = 1.35 — cavitation factor;

Z — dynamic head, MPa;

P, — saturated vapour pressure, MPa.

7. Calculating the cavitation stability of the CR jet pump
for each option of (b) parameter:
= % -100% ,

op

¢ —dimensionless group, ¢ =

S= =1.

P, P,

o~ ©)

CR (10)

where:

M. — ejection coefficient at a given flow rate;

Mop — ejection coefficient at maximum efficiency.

8. Based on the calculations performed at stages 5-7, the
optimal value of (b) parameter is selected, the efficiency
value and the optimal ejection coefficient are found.
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9. Determining the nozzle diameter:

L P S
An—vn—ql 2.(R-R) (11)
P'(1+an)
2
Dn=[An~i] , (12)
where:

g1 — volumetric flow rate of working fluid;

v, — working flow velocity in the nozzle;

Kz — pressure loss factor due to friction in the nozzle.

10. Determining the mixing chamber diameter based on
the calculation results at stages 8-9.

11. The distance between the nozzle and the mixing
chamber is taken equal to Dy.

12. Mixing chamber length according to recommenda-
tions [11] and design experience is taken equal to:

L=8-Dy,. (13)

13. Testing downhole conditions (well potential) for the
operation of the combined installation.

To calculate a well potential, at least one measured value
of the well flow rate is required, as well as the corresponding
static and dynamic levels. Based on the measurement, the
well output index is found (m3/day/MPa):

Qtest

— (14)
9.81- ( DLiest — DLgtatic ) -p-10

Koutput =

where:

Qtest — measured flow rate of the well, m¥h;

DLest — measured dynamic level from the wellhead at a
given flow rate of the well, m;

DLstatic — measured static level from the wellhead, m.

Then, the expected dynamic level is calculated when the
combined pumping installation is operating:

G +02

A — (15)
Koutput -9.81-p

DLy, =

+ DLgtatic »

where:

0z — jet pump delivery, m3/h.

14. Stages 2-12 are repeated until the pump immersion
below the dynamic level achieves the acceptable values en-
suring its efficient operation.

3. Results

The initial data for modelling. The averaged data on the
Khorasan-2 deposit uranium mines are taken as the initial data
during the modelling. They include the well structure and its
depth; nominal head, electric-centrifugal pump deli-very and
descent; physical and chemical properties of the pumped-out
fluid (density, viscosity); the well potential (measured values
of the well flow rate and the corresponding static and dynamic
levels, and so on.) Extraction well parameters and electric-
centrifugal pump parameters are presented in Tables 1 and 2.

When modelling the jet pump operating modes, special
attention is paid to determining the boundary parameters of
the fluid, at which cavitation can occur.
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Table 1. Extraction well parameters

Parameter Value
Average well depth, m 670
Diameter of the gathering line pipe
. 350, 450
from the well to the collecting tank, mm
Well flow rate, m3/h 8-12
Dynamic level fluctuation, =m 10-15

Vary in range
from-50to 0 m
Vary in range
from-50to 0 m
8-10

Static fluid level, m

Dynamic fluid level, m

Extraction well flow rate, m3/h

Table 2. Downhole pump parameters and extraction well opera-

ting mode

Parameter Value
Well diameter, mm 90
Passport capacity of a multistage downhole 17
electric-centrifugal pump “Grundfos”, m3h
Nominal head, m, water column 129
Depth of the pump immersion t0 50
under the fluid level, m
Solution density, kg/dm? 1.03-1.05
Lowering the static level from 10 m
during pumping-out, m to 15 m

The modelling is performed using the Maple software
package from Waterloo Maple Inc., focused on complex
mathematical calculations, process modelling and visualiza-
tion of results.

To calculate the electric-centrifugal pump parameters, the
operating characteristic of the Grunfoss SP-17-8NE pumps ap-
plied in the field is used (the characteristic is shown in Figure 2).

H,m
100
90
80
70
60
50
40
30
20
10

0 1
0 2 4 6 8

0 =16.9 m3/hour SP 17-8NE. 50Hz
H=645m Pumped-out fluid = water

Pumped-out fluid = temperature
N- 998.2 kg/m?
40
20

Pump efficiency = 71.2 % 0
16 18 20 Q.m’/hour

%

100
80
60

10 12 14

Figure 2. Passport characteristic of the SP-17-8NE pump

For the specified operating conditions of the tandem
pumping installation in the extraction well, the parameters of
the operating point correspond to the delivery Q = 16.9 mh
and the head H = 64.5 m with the efficiency of 71.4%.

3.1. Extraction well virtual model

Based on the specified operating conditions of the elec-
tric-centrifugal pump in actual downhole conditions and the
calculation methodology described above, a virtual model of
the extraction well has been built with the determination of
the maximum possible flow rate of the well Q and the value
of the expected dynamic level Hyyn during the operation of
the tandem pumping installation (Fig. 3).

Based on the modelling the mode of the productive solu-
tion inflow into the well, the values of the dynamic level
above the pump and pressure at the jet pump suction have
been found (Q = 1300 m3/day; Hgyn = 63 m).
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0 200 400 600

Figure 3. Extraction well indicator curve: 1 — performance curve;
2 —matching point Qmax

3.2. Electric-centrifugal pump virtual model

The initial passport curve of the electric-centrifugal
pump has been reconstructed in Maple software, taking into
account downhole conditions in the form of a sixth power
polynomial, and operating points have been calculated
with a change in the rotation frequency within the range of
35-70 Hz (Fig. 4).

200, .
150 =
8 \\‘ -
< 100
¥ -
ja s -
50 -
0 : : . . i | |
0 100 200 300 400 300 600 700
Delivery, m®/day

Figure 4. Head-capacity characteristic of the electric-centrifugal
pump 17-127 virtual model at 50 Hz and operating
points in the range from 35 to 70 Hz

According to the electric-centrifugal pump modelling re-
sults, the pressure value (2.44 MPa) at the jet pump inlet, as
well as the value of the electric-centrifugal pump delivery
(0.006 m3/s or 21.6 m3h) have been obtained.

3.3. Modelling the operating modes of a virtual
model of a combined pumping installation

As a result of the computational modelling, the value of
the ejection coefficients has been obtained for different ratios
(b); the coefficients of M., CR and the jet pump efficiency
have been calculated; the head curves of the pump have been
obtained (Fig. 5 and Table 3).

4. Discussion

The computational modeling of the tandem pumping in-
stallation operating modes according to the above method
makes it possible to determine the rational operating modes
of the tandem pumping installation for the specified actual
downhole conditions and the design parameters of the jet
pump required to ensure them.
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Figure 5. Interrelation of the ejection coefficient (M) and the jet
pump efficiency with the different values of b = 0.1-0.9

Table 3. Calculated data of the joint operation of the “reservoir —
electric-centrifugal pump — jet pump” system

b M Efficiency, %  Mc CR,% g2, m¥day
0.1 1.80 32.6 4.22 56 1029.9
0.23 0.88 345 1.88 42 504.1
0.3 0.52 33.8 1.09 40 297.5
0.4 0.33 32.0 0.70 47 187.3
0.5 0.21 29.2 0.47 43 120.4
0.6 0.13 25.4 0.31 48 76.9
0.7 0.08 20.6 0.20 55 47.9
0.8 0.05 14.5 0.11 60 27.8
0.9 0.02 7.42 0.05 55 12.8

It follows from the results of computational modeling that
the change in the operating modes of the tandem pumping
installation is significantly influenced by both the ratio of the
nozzle diameter to the mixing chamber diameter — b, and the
supply voltage frequency Hz of the electric-centrifugal pump.
What is more, the jet pump design parameters have a more
significant influence on parameters of the tandem pumping
installation. Therefore, the rational operating modes of the
tandem pumping installation for specific downhole condi-
tions should be selected with their combined consideration.

According to calculations, the cross-sectional area of the
nozzle for the above operating conditions of the tandem
pumping installation is An=0.1092647857-10°m?. Hence,
the nozzle diameter is Dn = 11.79 mm. With the determined
optimal ratio of the nozzle diameter to the mixing chamber
diameter b =0.23, the diameter of the latter is 24.6 mm.
Taking into account the above design recommendations, the
dimensions of the other parameters correspond to the
following values: distance between nozzle and mixing
chamber — 24.6 mm; mixing chamber length — 196.8 mm.

When choosing a too long mixing chamber, there is a loss
of kinetic energy and, as a result, a deterioration in the char-
acteristic of pump head-capacity. According to the experi-
mentally confirmed data for the accepted initial conditions,
the optimal distance between the nozzle and the mixing
chamber throat is equal to the mixing chamber diameter.

When the distance between the nozzle and the mixing
chamber is incorrectly chosen, the kinetic energy loss of the
working flow is possible, which can worsen the cavitation
stability of the pump and reduce its characteristics. A jet
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pump with such structural dimensions makes it possible to
achieve the highest effective indicators of the combined
pumping installation with its relative cavitation-free opera-
tion under the specified downhole conditions.

5. Conclusions

Based on the results analysis of the computational
modelling of the tandem pumping installation operating
modes for actual downhole conditions, the following
scientific and practical conclusions can be drawn:

1. The method for modelling the jet pump operating
modes in downhole conditions makes possible, with sufficient
accuracy for practical use, to determine the necessary design
parameters of the jet pump main elements to ensure optimal
operating modes of the tandem pumping installation when
used in extraction wells under different dynamic conditions.

2. The computational model makes it possible to deter-
mine the well fluid boundary parameters in the jet pump
elements, at which its cavitation-free operation is ensured
when the dynamic conditions change.

3. By means of computational modelling, a high sensitivi-
ty of the jet pump operating modes to the design parameters
of its main elements has been determined, while the tandem
installation itself, in general, has a lower sensitivity to chang-
es in dynamic conditions in the well. The latter makes it pos-
sible to substantiate that they are promising for their use in
downhole conditions when pumping-out productive uranium
solutions in the technology of bore-hole in-situ leaching.

4. The use of tandem pumping installation in the technolo-
gy of bore-hole in-situ leaching can provide an increase in the
efficiency of the pumping-out process of productive uranium
solutions and reduce the operating expenses of production.
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OOrpyHTYBaHHSI METOAMKH MO/IEJTIOBAHHS i PO3PaxXyHKY ONTHMAJIBLHUX
peKuMiB POOOTH TAHAEMHOI HACOCHOI YCTAHOBKM IPH BUI00YTKY YpaHy

Bb. MupzaxmetoB, A. Cynrabaes, C. TokramicoBa

Meta. Po3poOka MaTemaTHaHOI MOJIei poOOYOro MpoIiecy CTPYMHHHOTO HAcoca i po3paxyHKOBOI METOAMKH JUIS MOAENIOBAaHHS Ta BH-
3HAYEHHS ONTUMAJIBLHUX PEXHUMIB poOOTH KOMOIHOBAaHOI HACOCHOI YCTAHOBKH Y CBEPUIOBUHHHUX YMOBaX.

Metoauxka. [Ipu npoBeaeHHI DOCTiIKEHb BHXiIHOIO 000B’A3KOBOI YMOBOIO €(EKTHBHOI eKCILIyaTalil BiJKOYYBAJIbHUX CBEPUIOBHH
TaHIEMHHUX HACOCHUX ycTaHoBOK (THY) Gysio Bu3HaYeHHs HEOOXiMHOCTI y3ropKeHoi poOoTH enekTpoBiauenTposux Hacocis (EBH), crpy-
muHHOTO Hacoca (CH) i mmacta. Bynu npoBeneHi TeopeTHYHI TOCHiKEeHHS, 10 omucyoTh podoty CH crinsro 3 EBH, BHKOpHCTOBYBaocs
MaTeMaTHYHE MOJEIIOBaHHS POOOTH cucTeMH “npoxykruBHUH miact — EBH — CH” B y3romkeHoMy peskuMi. Sk BUXiIHI JaHi IPH MOJENIO-
BaHHI OyJM IPUHHATI KOHKPETHI JaHl pyIHUKIB ponosuia “Xopacan-2” (PecryOunika Kazaxcran). [Ipu MmoznemoBanHi pexxumis podotan CH
ocoOuuBY yBary Oyio MpUIUICHO BU3HAYEHHIO TPAHUYHUX NTapaMeTPiB BiJKadyBaHOTO MPOJYKTHBHOTO PO3UHHY, IIPH SIKOMY MOKE HACTYIIH-
TH KaBiTallis. [Ipu MoJeroBaHHI BUKOPHCTYBABCs mporpamHuuii maket Maple kommnanii Waterloo Maple Inc.

PesyabTaTn. /{5 oiHKM €(eKTUBHOCTI BiIKadyBaHHSA 31 CBEPUIOBHH MPOIYKTUBHHUX PO3YHHIB ypaHy TaHAEMHHMH HACOCHHMH YCTa-
HOBKaMHM po3po0JieHa MaTeMaTHYHa MOJENb PoOOYOro Mpolecy CTPYMHHHOTO Hacoca i Ha HOro OCHOBI CKJIaJieHa PO3paxyHKOBa METOIUKA
MOJICITIOBAaHHS PeXHUMIB poOOTH KOMOIHOBaHOT HACOCHOT YCTaHOBKH 3 IMITalli€l0 PeabHUX CBEPAIOBHHHHUX YMOB.

HayxoBa HoBH3HA. B pe3ynbTaTi po3paxyHKOBOTO MOJETIOBAHHS BCTAaHOBJIEHA BHCOKAa UYYTJMBICTH KaBITALIHUX DPEXUMIB pPoOOTH
CTPYMHHHOT'O Hacoca /10 KOHCTPYKTHBHHX ITapaMeTpiB OCHOBHHX €JEMEHTIB CTPYMHHHOTO Hacoca, TOMl SK caMa TaHJIeMHa YCTaHOBKa, B
[IOMY, Ma€ MEHIIy YyTJIHBICTH IO 3MiHH JUHaMIi9HUX yMoB. [loka3aHo, 0 3aCTOCYBaHHS TaHJIEMHOI CXeMH HACOCIB IPH BigKadyBaHHI
MIPOAYKTHBHOTO PO3UUHY yPaHy MOKe IiIBHIIUTH IIPOLYKTUBHICTE Ta €HEPTrOe()eKTUBHICTD IIPOIIECY.

IpakTHyHa 3HaYMMIicTh. MeToMKa Ta aTOPUTM PO3PAXYHKY JO3BOJISIOTH 3 IOCTATHHOIO TOUYHICTIO TS MPAKTUYHOTO 3aCTOCYBAHHS ONepaTH-
BHO pO3paxyBaTH HEoOXiIHI TeOMETPHYHI TapaMeTpH CTPYMHUHHOTO Hacoca ytsl 3a0e3neyeHHs pallioHAbHIX 1 Oe3KaBITalifHUX PXKUMIB TaHAEMHOT
HAaCOCHOI YCTaHOBKH /ISl KOHKPETHHX CBEP/JIOBHHHHX YMOB Y CHCTEMi “IUIaCT — €NEeKTPOBIIUEHTPOBUI HACOC — CTPYMEHEBHI HAcoC”, CTBOPHUTH
JesIKi IPaKTHYHI peKOMEH/Iallil 3 MPOeKTyBaHHS CTPYMEHEBUX HACOCIB, IO MPAIIOIOTh B TAHIEMI i3 3aHyPEHHMH €JIeKTPOBIIIIEHTPOBIMHI HACOCAMIL.

Knrwwuosi cnosa: mooenrosanHs, 6ipmyanbHa MoOeb, HACOC, C8EPONOSURA, CONIO, OUPY30D, UOOOYMOK YPAHY, Kagimayis

O0ocHOBaHNe METOANKH MO/ICJIMPOBAHUS W PacyeTa ONTHMAJIBHBIX
pe:KUMOB PaGoThl TAHAEeMHON HACOCHOH YCTAHOBKM NMpPHU 100bIYe ypaHa

B. Meip3axmeros, A. Cynrabaes, C. Tokramucosa

Hensn. Pa3zpaboTka mMaremMaTHUeCKON MoOJeNn pabodyero mpoiecca CTPYHHOTO HAcoca M PacYeTHON METOAMKHU JUTS MOJCTUPOBAHHS U
OIIpeIeNIeHHs] ONTHMAIIBHEIX PEKUMOB PabOThl KOMOMHNPOBAaHHOW HACOCHON YCTAaHOBKU B CKB)KHHHBIX YCIOBHSX.

MeTtoauka. [Ipu npoBeneHNH BccieJOBaHUH HCXOIHBIM 00s3aTeNIbHBIM YCIOBHEM 3((EKTHBHOM KCINTyaTally OTKAYHBIX CKBaXKHUH TaHIEM-
HBIX HACOCHBIX ycTaHOBOK (THY) GbiIo orpejieneHne He0OXOAMMOCTH COTTIACOBAHHOM PabOThI AJIEKTPOLIEHTPOOEKHBIX Hacocos (DLIH), crpyiito-
ro Hacoca (CH) u macta. Bputi mpoBeeHbI TeOpeTHUECKHE HCCIIeI0BaHus, omichBatommue padoty CH coBmectHo ¢ DLIH, ncrons3oBanocs Mare-
MaTH4YeCKOe MOZCIMPOBaHKE padOThl CHUCTEMBI “TIpoAyKTHBHBIN miacT — JLIH — CH” B cornacoBaHHOM pesxume. B kadecTBe HCXOIHBIX TaHHBIX
HpH MOJICITPOBAHHUH ObUTHM HPUHATHI KOHKPETHBIE JaHHBIC PYAHUKOB MecTopoxaeHus “Xopacan-2” (Pecryonuka Kaszaxcran). [1pu momenuposa-
HHUM pexnMoB pabotsl CH ocoboe BHUMaHKE OBUIO yAENEHO ONpEJENeHHIO MPeAebHEIX TapaMeTpOB OTKAUMBAEMOro MPOIYKTUBHOTO PacTBOpa,
TIPH KOTOPOM MO>KET HAaCTYITHTh KaBUTALMs. [Ipy MOIemMpoBaHHUH HCIIONB30BAJICS PO paMMHBIH TakeT Maple kommannu Waterloo Maple Inc.

PesyabTatsl. [ oneHkH 3 QEKTHBHOCTH OTKA4YKU U3 CKBaKUH NPOJYKTHBHBIX PACTBOPOB ypaHa TaHAEMHBIMH HACOCHBIMH YCTaHOB-
KaMmH pa3paboTaHa MaTeMaTHYecKas MOZeNb pabodero mporecca CTpyHHOTO Hacoca U Ha €ro OCHOBE COCTaBJIEHa pacdeTHas METOJHKA MO-
JEeTMPOBAHHS PEKIMOB PAOOTHI KOMOMHHUPOBAHHOH HACOCHOH yCTAaHOBKHM C MMHUTAlMEeH peaTbHBIX CKBAXKUHHBIX YCIOBHUH.

Hayuynasi HoBHM3HA. B pe3ynbraTe pacueTHOro MOAENUPOBAHMS yCTAHOBJIEHA BBICOKAs UyBCTBUTEIHHOCTh KAaBHTAIMOHHBIX PEKHMOB
paboThI CTPYHHOro Hacoca K KOHCTPYKTUBHBIM MapaMeTpaM OCHOBHBIX 3JIEMEHTOB CTPYHHOI0 Hacoca, Torja Kak cama TaH/JAeMHasl yCTaHOB-
Ka, B IIeJIOM, UMEeT MEHBIIYI0 YyBCTBUTEILHOCTh K M3MEHEHHIO TMHAMUYECKHX ycioBuil. [Toka3aHo, 4TO IpUMEHEHNE TaHAEMHOH CXEMBI
HAaCcOCOB IPH OTKaYKe MPOIYKTHBHOTO PACTBOPA ypaHa MOJXKET ITOBBICUTH ITPOM3BOUTEILHOCTD U 9HEProd3(h(eKTUBHOCTH HpoIiecca.

IpakTHyeckasi 3HAYMMOCTB. MeTOMKA U QITOPHTM pacdeTa MO3BOJSIOT C JOCTATOYHOH TOYHOCTBIO TS MPAKTUIECKOTO MPUMEHEHHS
OIIEpaTUBHO PAacCUUTATh TPeOyeMble TeOMETPHUYECKUE MTapaMeTphl CTPYHHOrO Hacoca AT oOecredeHHs PalHoHAIbHBIX U OeCKaBUTAIMOH-
HBIX PEKMMOB TaHIEMHOW HACOCHON YCTaHOBKH IS KOHKPETHBIX CKBaXMHHBIX YCIOBUIT B CHCTEME “TUIACT — JIEKTPOLIEHTPOOSKHBII HacOC —
CTpYHHBIN Hacoc”, BEIPaOOTAaTh HEKOTOPhIE MPAKTUIECKHE PEKOMEHAAINU 0 MPOSKTHPOBAHHUIO CTPYHHBIX HACOCOB, pabOTAIOMNX B TaHIE-
M€ C MOTPYKHBIMH 3JIEKTPOLEHTPOOEKHBIMH HACOCAMH.

Knirouesvie cnosa: mooenuposanue, supmyanbhas MOOeilb, HACOC, CK8ANCUHA, CONIO, Oud@y3op, dobviua ypana, kasumayusi
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