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TO THE QUESTION OF INCREASING THE PILOT PERFORMANCE OF THE STAGE OF THE
SUBMERSIBLE CENTRIFUGAL PUMP AT THE PRODUCTION OF OIL AND GAS PRODUCTION

TIpoBeneHO oIy iCHYHOUMX KOHCTPYKLIN CTYIEHIB 3arIMOHMX BiJLIEHTPOBHX HACOCIB, JOCIIDKEHb 1 CHOCOOIB IMiJBHIICHHS 1X HAIOJIETJIIMBOCTI.
OnucaHo OCHOBHI NPUYUHHU BTPAT eHeprii B mpoToyHux dactuHax HacociB tuny EL[H. IIpoBeneno uncenbhe monemoBanus teuil I2KC. Busnaueno
LUUIAXM HiJBUIIEHHA HAnopucTtocTi. OTpUMaHO 3HAYEHHA HANOPY B PYXOMHX i HEPYXOMHX CJIEMEHTaX IPOTOYHOI YacTHHU. 3alpOIOHOBAHO
MozudikoBaHy IPOTOYHA YACTHHA, IO A03BOJISIE 3HU3UTH TiIPaBIivuHi BTPATH 1 MiABUIUTH HAIIOPHUCTICTH BCilf CTYIEHI B IiTOMY.

KurouoBi ci1oBa: cTyminb, OPOTOYHA YAaCTHHA, Fa30piqMHHA CYMIIL, IipaBIivHi BTPATH, HAIIP, XapaKTEPUCTHKHU, PO3IOALT TUCKY.

ITpoBeneH 0030p CyIIECTBYIOIIUX KOHCTPYKLHUH CTyHeHeH IOrPY)XHBIX LEHTPOOEKHBIX HACOCOB, UCCICHOBAHHI H CIIOCOOOB IOBBIECHHS HX
HanopuctocTd. OnrcaHbl OCHOBHBIE NTPUYMHBI II0TEPh SHEPTUHM B MPOTOYHBIX 4acTax HacocoB Thna DI[H. IlpoBeneHo uucieHHOE MOAENMpPOBaHUE
teuenus [7KC. OnpezneneHsl MyTH MOBBIIICHNS! HATIOPHCTOCTHU. [1oTydeHbl 3HaUeHUs HATIOPA B MOABIIKHBIX M HEMOABIDKHBIX JIEMEHTaX MPOTOYHOH
yactu. IIpemnoxkena MoxuduuupoBaHHAs HPOTOYHAs YaCTh, IO3BOJIIOMIAS CHH3UTH THAPABIMYECKHE MOTEPH U IOBBICHTh HAIIOPHCTOCTH BCel
CTYICHH B L[EIOM.

KaroueBble c10Ba: CTyIeHb, IPOTOYHASI YacCTh, FA30)KUAKOCTHASL CMECh, THAPABIMYECKHE ITOTEPH, HAIIOP, XapaKTEPHUCTHKH, paclpeneicHre
JIaBJICHHS.

A review of existing designs of stages of submersible centrifugal pumps, research and ways to increase of head. The main causes of energy losses in
the flow parts of pumps of the ESP type are described. A numerical model for simulating multiphase flows has been determined. Numerical simulation
of the flow of GLM is carried out. The ways of increasing the assertiveness are determined. The values of the head in the moving and stationary
elements of the flow part are obtained. headlosses in submersible centrifugal pumps are analyzed. A modified flow part is proposed, which allows to
reduce hydraulic losses and increase the power of the entire stage as a whole. The calculation of the modified step is carried out. The flow of the gas-
liquid mixture in the modified stage is visualized. The pressure and energy characteristics of the new stage are obtained. The distribution of static

pressure along the blade is shown for different gas contents.

Keywords: stage, flowing part, gas-liquid mixture, hydraulic losses, head, characteristics, distribution of pressure.

Introduction. One of the main means of mechanized
oil production are installations with submersible electric
multi-stage centrifugal pumps (ESP). Submersible electric
centrifugal pumps by design and principle of operation do
not differ from superficial pumps. However, the
restrictions on the overall diametrical dimensions of the
oil wells (146, 168 mm) where the pump is installed
determine the specific design of the ESP and the working
process in the flowing part of the pump [1]. The head of
one stage of the centrifugal pump is approximately 4-6 m.
Therefore, in uplift of oil and provide the necessary head
(pressure), the number of stages in the ESP reaches 200—
500 units.

Another feature that significantly affects the
performance of ESP is the composition and parameters of
the pumping oil products. In the actual conditions of
operation of the ESP, the product of the pump is a mixture
of reservoir oil, water and gas — the gas-liquid mixture
(GLM). The presence of free gas at the inlet to the pump
increases the volume of the mixture that passes through
the first working stages of the pump. Part of the energy
supplied to the pump shaft is expended on compressing
the gas bubbles. Also, due to the presence of free gas in
the liquid, in the cavities of the impellers and guiding
devices, gas caverns are formed which do not participate
in the energy transfer flow of the pump with the pumped
liquid. Therefore, the process of flow past the blades
worsens. All this leads to degradation of pump performance.
Muraviev I. M., Mishchenko I. T, Lyapkov P. D.,
Minigazimov M. G., Drozdov A. N., Igrevsky V. I. and others
engaged in the problems of the harmful effect of free gas
in oil products on the performance characteristics of the
pump. A large amount of experimental research was

carried out by Borets Ltd, where new designs of ESP
stages, as well as pre-wired devices, were proposed. Also
experimental work is conducted at Sumy State University
[2]. Recently, publications of a number of computational
papers devoted to the numerical modeling of GLM in the
channels of centrifugal pumps have appeared. These are
the works of Cirilo R., Sachdeva R., Minemura K., Sun D.
Mikhailov V. G. and Petrov P. V., Sapozhnikov S. V. [3].

It should be noted that the determining factor in the
issue of the effect of gas on the operation of the pump is
the gas content Bi, (the ratio of gas flow to the mixture
flow rate) at the pump intake.

With a high gas content at the pump inlet of more
than 35 %, to reduce the harmful effect of gas on the
submersible pump, the installation of gas separators,
dispersants, and pre-activated multiphase pumps is used.
Installation of gas separators and gas separators-
dispersants, allows to divert a part of the gas entering the
pump (or from the pump) into the space. However, these
devices have their limitations in the application. So gas
separators cannot be used in wells equipped with a packer;
and gas separators-dispersants when pumping out liquids
with a large number of surfactants [4]. Basically of the
design of multiphase pumps (MFP) [5], an axial-type
stage is adopted, which allows the maximum gas
concentration at the pump inlet to be 75 %.

For oil wells with a low gas content of up to
200 m®/m?®, when the gas content at the pump intake can
be ensured up to 25 % by choosing the depth of the pump
installation in the well, the use of gas separators and MFP
is not economically feasible. For these conditions, the
efficiency of the operation of the ESP is advisable to be
achieved by increasing the centrifugal stage speed and
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conical assembly of the stages in the pump. In the conical
assembly, the principle of the pump arrangement is used
in stages of different types with different nominal feed
rates, which disperses and partially compresses the GLM.

In this paper, we consider the increase in the
assertiveness of the stage of normal high-speed by
modifying the flow-through part of the pump ESPT5-80 in
the presence of gas in the range of 10-25 %.

Information review. One of the first works to
improve the design of the centrifugal stages of the ESP are
the works of Bogdanov A. A. [5] and Vasilyev V. M. [6].
In these studies, experimental studies of new designs of
ESP stages were carried out. Considered the using of
vortex impellers, the bevel of the output edge of the
impeller, the turning of the rear disc, the inclination of the
impeller blades at the exit, the extension of the guide vane
blades in the axial direction, and the extension of the
blades of the impellers.

In the future, there are works on the use of new stage
designs for oil production in complicated conditions. For
example, in work [7] a combination of centrifugal and
vortex stage elements is used in one product. The impeller
is obtained by adding a vortex crown to the centrifugal
structure. The vortex crown is located on the master disk.
The guide device has a design close to the centrifugal. The
geometric dimensions of the flow parts of the stage are
optimized taking into account the effect of the vortex

crown on the flow of the liquid. Patents were obtained for
this design of the stages.

A variant of the construction of stage [8] was also
proposed, where protrusions oriented in the radial
direction performing the function of additional impeller
blades are made on the upper surface of the driving disk of
the impeller. This degree makes it possible to increase the
pressure by creating additional energy by the vortex
crown formed by the speeches on the covering disk.

According to the results of the information survey, it
is proposed to change the meridian section of the impeller
[9]. A stage with an S-shaped shape of the flow part of the
impeller was designed to exclude the sharp turn zone
between the exit from the impeller and the entrance to the
guide vane. This reduces hydraulic losses and increases
the pressure at the exit from the stage. To confirm the
effectiveness of the adopted shape of the flow part, it is
proposed to perform numerical simulation of the flow for
two variants of the pump stage for a homogeneous liquid
phase and for a gas-liquid mixture.

Formulation of the problem. Let's consider two
variants of execution of a stage of pump ESPT5-80. The
construction is shown in fig. 1, a, b.

Variant1 — the basic stage of ESPT5-80 [9]
(Fig. 1, a).

Variant 2 — modification of stage ESPT5-80-1 with
S-shaped meridional section (Fig.1,b). A patent was
obtained for this stage design [10].

Fig. 1 — Basic (a) and modified (b) stages of the pump ECND5-80:
1 —impeller; 2 — guide vane

At the first stage, a numerical experiment was
carried out, where the working medium was water. This
is necessary to compare the integral characteristics of
the base and modified stages. In the future, the pumped
medium was taken by GLM.

To carry out a numerical study, a mathematical
model (MM) of the turbulent flow of a two-phase fluid-
gas flow in the formulation of Euler was chosen.
Phases are considered as interpenetrating media: a
continuous liquid phase and a dispersed gas
phase [11, 12].

The basic equations of MM have the form:

continuity equation:

0
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RANS equation:
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where u is the average speed; u' is the turbulence rate; p is
the density; p is the pressure; My is the transmission of
interphase pulse (gas-liquid) per unit volume; p is the
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dynamic viscosity; F. is the action of centrifugal and
Coriolis forces; gjj is the Kronecker function.

According to this model, the equations are written
for each phase k (k =1, g) and solved jointly. The phases
are interconnected by the interphase momentum transfer.

Numerical implementation was carried out with the
help of OpenFOAM open integrable platform [13].
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Analysis of simulation results.

1. Results of numerical simulation for a single-phase
medium (water).

In fig. 2. The pressure and energy characteristics of
the two stage variants under study (the basic Borets Ltd
and the modified one) for single-phase liquid (water) are
presented.
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Fig. 2 — Comparison of the characteristics of the basic and modified stages:

a — pressure characteristic; b — energy characteristic

Now let us consider the element pressure created by
the pump stage of ESPT5-80, namely, the impeller and the

losses in the immobile areas of the flow section for
ESPT5-80 (Table 1) and ESPT5-80-1 (Table 2).

Table 1 — The values of the created head and losses in the stationary parts of the stage (basic variant)

Q, m3/day H,m Hr, m Ht, m Hg, m Hsz, m
60 4,784 6,93 -0,618 -1,528 -2,146
80 4,547 6,154 -0,441 -1,166 -1,607
100 4,056 5,453 -1,01 -0,387 -1,397

Table 2 — The values of the created head and losses in the stationary parts of the stage (new variant)

Q, m3/day H,m Hr, m Ht, m Hg, m Hz, m
60 6,277 6,7 0 -0,423 -0,423
80 5,653 6,5 0 -0,847 -0,847
100 4,578 5,338 0 -0,76 -0,76

So, based on the obtained values, in the modified
stage it is possible to get rid of the zone of sharp rotation
after the liquid exit from the impeller, which positively
influences the change in losses in the guiding apparatus
itself.

2. Results of numerical simulation for a gas-liquid
mixture (10 % gas volume flow).

A comparison of the flow structure for the two
variants of the flow section for the optimum mode is
shown in fig. 4.

Analysis of the flow structure showed practically no
mutual influence of moving and rotating regions on each
other (fig. 4,b), as in the usual stage (fig.4,a). It is
possible to pump the GLM with a large content of free
gas.

In fig. 3 are graphs of the distribution of static
pressure along the blade for the basic stage variant when

working on water (1), on GLS (2), and modified for GLS
(3). The value of the input gas content in the calculations
was assumed to be Bin = 10 %.
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Fig. 3 — Graph of pressure distribution along the blade:
1 — basic version (water); 2 — basic variant (Bin = 10 %);
3 — new variant (Bin = 10 %)
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Fig. 4 — Structure of the GLM flow in the ESPT5-80 stage with Bin = 10 %:
a — the stage of "Borets" Ltd [8]; b — modified stage [9]

Conclusions. In view of the complex nature of the
flow in the pump stage of the ESP and its low head, it
becomes necessary to increase it. A review of the studies
was carried out, which suggested ways to solve this.

The authors of this article considered the options for
reducing hydraulic losses and proposed the following
option: the most rational is the change in the meridian
section of the impeller and the direct entry of the outlet to
the entrance to the guiding apparatus (fig. 2) [10]. Thus, it
is possible to remove the sharp turning zone, which not
only eliminates losses in this element of the flowing part,
but also reduces them in the guide apparatus. In this
regard, there is an opportunity to increase the intensity of
the stage as a whole, which positively affects the pumping
of the GLC, which is the product of any oil well.
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