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Abstract. Kazakhstan is a country with a significant resource base, a favorable location and a unique opportunity to supply
fossil fuels to Europe and to dynamically developing Asian markets, including China. The article provides brief information on
the indicators of pipeline transport in Kazakhstan. The development of energy conservation determines the importance of im-
proving the efficiency of equipment that uses most of the energy consumed. Pumping equipment is one of the most significant
consumers of electrical energy. In Kazakhstan, the share of the transport component in the cost of production is large. Kazakh-
stan's commitment to sustainable development goals creates the need for more economical energy consumption. As a rule, a
sixth of the cost of oil transportation is the cost of electricity, which is spent on driving pumping equipment. Therefore, work
on the creation of energy-efficient pumps is relevant. The paper proposes a new impeller configuration (with variable vane
curvature) for double suction centrifugal pumps with higher efficiency. The head and efficiency of the centrifugal pump were
compared with different vane screens. The proposed changes in the design of the centrifugal pump result in an increase in
static pressure and relative velocity, which leads to an increase in hydraulic and overall efficiency, and the kinetic energy of
turbulence reduces its pulsation. At the same time, the operating point of the pump is shifted towards a decrease in supply by
1.5%.
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1. Introduction ture plays a key role in the country's economy, ensuring the
transportation of oil both to the domestic market (31%) and
for export (69%). The main routes include the Atyrau-
Samara, Atasu-Alashankou and Kenkiyak-Kumkol oil pipe-
lines. These pipelines connect major oil fields to refineries

Global energy demand will continue to grow in the long
term due to improving living standards in developing coun-
tries. But the market expects a significant change in the struc-
ture of energy demand due to a decrease in the role of hydro-

carbon energy sources and an increase in the share of renewa-
ble energy sources. In the long term, the undisputed domi-
nance of fossil fuels will remain, the share of oil and gas in the
global consumption of primary energy will remain practically
unchanged (53.6% in 2010 and 51.4% by 2040). [2].

According to the World Energy and Climate Statistics
published by Enerdata in 2024, harmful emissions from the
burning of fossil fuels continue to rise. In 2023, a new record
was recorded for the number of CO2 emissions generated
from the combustion of fossil sources, in the amount of
34626 million tons. The distribution of CO2 emissions by
fossil fuel is as follows: 47% of total CO, emissions are
emitted from coal combustion; oil products — 31%; Gas ac-
counted for 22% of emissions [3].

Crude oil production in 2023 increased by 1%, with pro-
duction growth in the United States, Brazil and Iran offset-
ting production cuts by OPEC+ countries. The leading posi-
tion in terms of fossil fuel production is occupied by oil
(39% of total production). Figure 1 shows the ranking of
countries with the highest oil production. Kazakhstan occu-
pies the 13th position in this rating.

Based on the analysis of statistical data and forecast esti-
mates, it can be concluded that pipeline transport will be
further developed. Kazakhstan's pipeline transport infrastruc-
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and export terminals.
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Figure 1. Ranking of countries with the maximum oil produc-

tion in 2023 (million tons) [3]

The total length of trunk pipelines in Kazakhstan is more
than 31 thousand km. The dynamics of the development of
pipeline transport infrastructure is shown in Figure 2 (com-
piled on the basis of data from the Bureau of National Statis-
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tics of the Agency for Strategic Planning and Reforms of the
Republic of Kazakhstan).

35000
30000
25000

20000
15000

10 000 I I I I |

0 I

5000
2000 2005 2010 2015 2020 2023

I Gas pipelines Oil pipelines = Other pipelines =—Total

Figure 2. Length of Kazakhstan's main pipelines (km)

In oil transportation, attention is paid to reducing operat-
ing costs and improving the efficiency of routes. One of the
goals of sustainable development is the innovative develop-
ment of transport infrastructure. In this article, the object of
research is a centrifugal pump with a double-suction wheel,
the subject of research is the improvement of the design of a
centrifugal pump to improve the efficiency of pipeline
transport infrastructure.

The efficiency of oil transportation through pipelines is
determined by the pumping mode obtained as a result of
combining the characteristics of the pump and the pipeline.
These characteristics change when the properties of the
pumped oil change, as well as when any structural changes
are made in the pipeline or in the pump [4].

In the paper [1], the factors that affect the energy con-
sumption of transfer pumps are considered. Let's list these
factors:

- the amount of oil pumped;

- pressure drop created by the centrifugal pump;

- density and viscosity of oil;

- variable loading of the oil pipeline, frequent changes in
the pumping mode;

- operation of the main equipment in the field of non-
optimal efficiency;

- dissipation of mechanical energy and its transition first
into vortex energy, and then into thermal energy.

In the paper [4], a relationship was established between
the specific consumption of electricity and the efficiency of
the pumping unit.

Analysis of these factors shows that it is possible to in-
crease the energy efficiency of the oil transportation process
by upgrading centrifugal pumps.

Centrifugal pumps with a double-suction wheel are wide-
ly used in various industries due to their high efficiency and
reliability.

These pumps are often used to convey clean liquids, vis-
cous liquids and low-concentration fibrous slurries. They
ensure a stable flow and minimal pulsation, which is espe-
cially important in production processes.

Due to their design, such pumps are used to pump oil and
other liquids in pipelines, providing high performance and
durability and low operating costs.

Centrifugal pumps with a double-suction wheel have a
number of design features that make them ideal for pipeline
transport, especially in the oil industry [5-7]:
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Impeller: Two-way suction ensures an even distribution
of fluid flow, minimizing radial forces and vibration. This
allows the pump to operate with high efficiency even when
the flow volumes change.

Axial Connector Housing: This design makes mainte-
nance easy, as internal components can be accessed without
disconnecting the piping.

Guide vane: Mounting the guide vane behind the impeller
allows for maximum efficiency over a wide flow range,
ensuring head stability.

Materials: The use of corrosion-resistant and wear-
resistant materials such as duplex stainless steel increases the
service life of the pump and reduces maintenance costs.

The flow rate of a double-suction centrifugal pump is
about twice that of a single-suction centrifugal pump of the
same diameter, and the axial force of the first pump is theo-
retically balanced [5-7].

The object of the study is the design of a centrifugal pump
with a double-suction wheel CNP 630-90 (Figure 3), the tech-
nical characteristics of the pump are shown in Table 1.

Figure 3. CNP 630-90 pump: a) general view of the pump; b)
two-way entry impeller

Table 1. Specified design parameters of the pump being up-
graded

Ne Name value Meaning
1 Nominal positive displacement pump, Qu, m*h | 630

2 Pumphead Hy, m 90

3 | Rotation speed ny, r/min 1450
4 Permissible cavitation margin Ah,,, m 14

The two main components of a centrifugal pump are the
impeller and the casing.

Other components are the suction nozzle, exhaust nozzle,
shaft, bearing, wear-resistant rings, gland and mechanical seal.

A dual-suction impeller is essentially no different from
two single-suction impellers placed close to each other on a
horizontal shaft and supported by supports on both sides.
This design allows you to increase productivity without in-
creasing the diameter of the impeller. This type allows fluid
to enter the impeller eye on both sides. This action can be
symmetrical with respect to the center line of the double
suction impeller.

The symmetry of the impeller greatly improves its hy-
draulic balance or does not create an axial traction force. A
central spring serves both impellers and leads through a sin-
gle diffuser to the outlet flange.

Pressure fluctuations in the pump impeller can cause a
high amplitude of vibration in dual-suction centrifugal
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pumps, but the influence of impeller geometry is still not
well understood. The task of the study was to simulate the
flow of fluid in a wheel with different variants of blade ge-
ometry.

2. Materials and methods

To determine the level of pressure fluctuations and its ef-
fect on the efficiency of the pump, Cradle software was used.
The Cradle program is a series of software solutions for
computational fluid dynamics (CFD) engineering analysis
and multidisciplinary modeling [8,9]. Impeller and continu-
um mesh were created using the ICEM CFD mesh generator.
It allows you to forcibly adjust the density of the mesh,
thickening it in the necessary places (for example, on the
inlet and outlet edges of the blades) and enlarging it where
high mesh density is not required. This approach allows you
to save computer resources and obtain a sufficient density of
the mesh in the studied part of the computational domain.
Prior to the study, a check of grid independence was per-
formed. For this purpose, nets with different densities were
built. Figure 4 shows the stages of mesh generation.

ﬁ%

Figure 4. Stages of mesh generation

The impeller subregion was covered with a uniform un-
structured mesh of tetrahedral cells, and the elbow subregion
was covered with a regular hexagonal mesh. Adaptation of
the mesh was not carried out, because, firstly, the use of
standard wall functions does not require too small a mesh
(min + y =30 + 60), and secondly, the lack of computational
resources hindered further improvement of the solution.
Computational grids with 600 thousand, 800 thousand and 1
million cells were built. The analysis of integral values ob-
tained from the results of numerical research for grids with
different densities showed that with the number of cells over
700 thousand, the results differ by no more than 1%. This
result indicates grid independence. Further numerical re-
search was carried out for grids with approximately 700
thousand cells. The value of the variable y+, which charac-
terizes the thickening of the mesh near the walls, was within
20< y+ <60 units.

Boundary conditions were set on the wall of the wheel:
zero tangent velocity (the condition of «adhesion» to the

43

wall), zero velocity of the wall itself relative to the rotating
coordinate system (i.e., the wall moves synchronously with
it). On the elbow wall — Wall: zero shear velocity (the condi-
tion of «adhesion» to the wall), zero velocity of the wall
itself relative to the absolute inertial coordinate system (i.e.
the wall is stationary).

Algorithm verification. The above algorithm is used for
numerical simulation, the above algorithm is used to numeri-
cally simulate the internal flow of the original centrifugal
pump and the optimized centrifugal pump. To verify the
validity of the algorithm used, calculations were made for the
pump working area according to the experimental data in
Figure 5 from 0.5Q to 1.25 Q.

a)
=== TURBOMACHINERY OUTEBUT ===

{PUME) IN ouT
AREL 6.133618E-02 1.358585E-01
VOLUME FLOW 1.740000E-01  -1.739630E-01
DENSITY : 9.782000E+02 9.982000E+02
TOTAL PRES -6.827984E+05 4_.578261E+05
THRUST —-3.4359847E+02
TORQUE : -2.073163E+03
HEAD : 9.666001E+02
SHAFT POWER 3.147966E+05
EFFICIENCY (T) : £.824E664E+01

b)

Figure 5. Simulation results: a) wheel pressure distribution;
b) results file

The results of the pressure characteristics of the pump,
obtained by calculations in the CRADLE/Sflow program and
experimental from the factory, were summarized in a com-
parative diagram shown in Figure 6.
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Figure 6. Comparative graph of computational and experi-
mental values
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Analyzing the integral characteristics obtained on the ex-
perimental bench and comparing them with the results of
numerical simulation (Figures 7, 8), it can be concluded that
the discrepancy in the head results is about 4%.

Figure 7. Results of simulation of flow kinematics in a homo-
geneous lattice wheel: a) low flow, 0.5 Q and 0.7 Q; b) rated flow
rate 1.0 Q; c) and high flow rate and 1.5 Q

Figure 8. Results of kinematics modeling: a) low flow, 0.5 Q
and 0.7 Q; b) rated flow rate 1.0 Q; ¢) and high flow rate and 1.5

Q

Analyzing the fact of the mismatch of characteristics, it
can be assumed that the most probable cause of this behavior
of curves is the discrepancy between the geometric model of
the blade systems used in the calculations and those actually
manufactured.

In particular, this applies to the shape of the inlet and out-
let edges, the roughness of the flow path, etc., as well as the
error of physical measurements, but the difference is quite
acceptable, which confirms the adequacy of the computer
model of the wheel.

In order to measure the effect of variable curvature vanes
on centrifugal pump performance, changes in static pressure,
relative velocity, and kinetic energy turbulence in the middle
part of the impeller were analyzed under typical flow condi-
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tions (low flow rate of 0.5 Q and 0.7 Q, rated flow rate of 1.0
Q and high flow rate and 1.5 Q).

3. Results and discussion

Based on the results of the simulation, the general law of
static pressure change is that the static pressure in the different
channels of the wheel is evenly distributed. The static pressure
drops for the original wheel are 0.36 MPa to 0.528 MPa and
for the wheel with variable curvature blades from 0.44 MPa to
0.63 MPa at all the studied feed modes. As shown in Figure 8.
At the impeller inlet, the static pressure was the lowest.

The static pressure at the outlet of the impeller was the
highest. For all impellers, the static pressure as a whole in-
creased with increasing flow rate. Under the condition of 0.7
Q, the increase in static pressure was more pronounced. At
the outlet, the static pressure reached its maximum value
under the condition of 1.5 Q.

Visualization of the pressure distribution gradient shows
a decrease in the low-pressure zones in the modified wheel,
i.e. a decrease in the occurrence of reverse currents in the
wheel with a heterogeneous grid. The volume of distribution
gradually decreased as the flow rate increased.

The speed diagrams made it possible to observe an in-
crease in the relative speed in the upgraded wheel, so at a
minimum feed the speed in the original wheel is 45 m/s, in
the upgraded 47 m/s and at a maximum feed of 56 m/s for
the original wheel and 59 m/s for the upgraded wheel, the
increase in relative speed will affect the hydraulic efficiency.

The diagram of the distribution of turbulent kinetic ener-
gy under low flow velocity conditions in the original wheel
has a large surface area colored blue, which indicates a high-
er turbulence value, and behind the wheel there are pro-
nounced red areas of maximum flow vortex values, which
naturally leads to a decrease in efficiency in this mode of
pump operation. And only locally do vortices appear. Pump
losses at low feeds are greater in the original wheel.

Based on the results of efficiency and pressure character-
istics obtained by the method of computational fluid dynam-
ics, graphs were built in the CRADLE system (Figure 9).
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Figure 9. Pressure and energy characteristics of the pump: a)
for a pump with a reference wheel; b) for a pump with a modified
wheel
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OpTaJjbIKTaH TEHIrepiJiIreH HACOCTHIH THiMALTIriH cradle cad
JKylecinae ecenrey JIICiH MaigaJIaHAa OTHIPbIN AHBIKTAY

M.U. Ucamertosa, A.B. Ucameros, H.A. Tokmypsuna-KoGepHsk™
Satbayev University, Arvameoi, Kazaxcman
*Koppecnondenyus ywin agmop: n.tokmurzina@satbayev.university

Anpgarna. Kazakcran - aiiTapibIKTail pecypcThIK 0a3achl, KOJalIbl OpHEI )koHe Eypomara ka30a OaiibIKTaphIH JKETKI3YAIH
Oipereit MyMKiHIITI Oap jkoHE A3Ws HAPBIKTAPBIH, COHBIH imriHae KpITaliapl qa KapKBIHABI JaMBIIT KeJie JKaTKaH ell. Makamana
Kazakcranmarsl KYOBIp KOJNIriHIH KOPCETKIIITepi Typalbl KbICKaIla aKimapaT OepiireH. DHeprus YHeMICYIl JaMbITy TYTHIHEI-
JATHIH SHEPTHSHBIH KOl OeJiriH maijaraHaThlH KaOABIKTapAbIH THIMIUITIH apTTHIPYABIH MaHBI3IBUIBIFBIH aiKbIHIAHIbL.
Coprbl KaOIBIFBI DJCKTP JHEPTHACHIH aca MaHBI3IBI TYTBIHYIIBUIAPABIH Oipi Oomeim Tabbmiamel. Kazakctawma eHmipic
KYHBIHIAFbl KOJIK KYpaylIbICHIHBIH yieci yikeH. Ka3akCTaHHBIH OpHBIKTBI JaMy MakcaTTapblHa OeHijmiiiri SHEprusiHbI
HEFYPJIbIM YHEM/II TYTHIHY KQXKETTIUIITH TYFbI3aJibl. OJIETTe MYHall TachIMal[iay KYHBIHBIH JITBIHIIBI OOJITiH 3JIEKTP SHEPTrH-
SICBIHBIH KYHBI KYpaiabl, 011 aiifiay »kaOabIFbIH KYprizyre sxymcanaasl. COHIBIKTaH SHEPrHUsl TUIMJII COPFBUIAp KYPY )KOHIHAET1
KyMBICTap ©3eKTi Oonbin TaObanel. Karasma THIMIUTIT KOFapsl KOC COpY HEHTPU(YTAIBIK COPFRUIAP YIUIIH UMIENbICPAIH
’KaHa KOHQHUTypaIuachl (aybICTIabl BaHa KHUCAIOBI 0ap) YChIHBUIaABI. OPTaIbIKTaH TETIKIII COPFBIHBIH 0achl MEH THIMIUTIT op
TYpJIi BaHE SKpaHAApMEH CaJBICTHIPbUIIBL. OpTaNbIKTaH TETKIII COPFbI KOHCTPYKUMSICHIHBIH YCHIHBIIBIIT OTBIPFAaH e3repicTepi
CTAaTHKAJBIK KBICBIMHBIH JKOHE CAJIBICTBIPMAaJIbl JKBUIJAM/IBIKTBIH apTyblHAa oKeleldi, Oy TI'MIpaBIMKAJIBIK JKOHE JKaJIIbl
THIMIUTIKTIH apTybIHa 9KeJe[l, ajl TypOYJIEHTTUNIKTIH KHWHETHKaJIBbIK SHEPTUACH OHBIH HMITYJIbCiH TeMeHnereai. by perre
CODPFBIHBIH Nalaanany Hykreci oepimiMai 1.5%-ra ToMeHaeTy jKaFbIHa aybICabl.

Hezizzi co30ep: Kyowip Kongeliepi, MYHAl MACLIMALOAY, KOC copy 0oHzene2i bap opmadan menxiut copaul.

Onpenenenue 3¢pPeKTUBHOCTH HEHTPOOEIKHOTO HACOCA HA OCHOBE
IKCIEPUMEHTA 10 oueHKe cad-cucremsl cradle

M.U. HcameTtosa, A.B. Ucameros, H.A. Tokmyp3una-KoGepHsk”
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Satbayev University, Arvamoi, Kazaxcman
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Annoranus. Kazaxcran siBisieTcsi CTpaHO# O 3HAYUTENLHON pecypcHOM 0a30i, BHITOJHBIM PACHOJIOKEHUEM U YHUKAIIb-
HOH BO3MOJKHOCTBIO MOCTABJISTH HCKOMIAEMOE TOIUIMBO B EBpoIly U Ha AMHAMUYHO pa3BUBAIOIIMECS a3UATCKUE PHIHKH, BKIIIO-
yas Kurail. B craTbe npuBeseHa kpaTkas HH(GOpPMaIHs O MoKazaTelsix TpyOonpoBoaHoro TpaHcrnopra Kasaxcrana. Pasutue
9HEProcOepeeHus ONpeesieT 3HaYMMOCTh HOBBIMIEHHS ((GEKTUBHOCTH 00OPYAOBaHUS, KOTOPOE HCIONb3YyeT OOJBLIYIO
YyacTh NoTpedisieMolt sHepruu. HacocHoe 00opynoBaHue SIBISETCS OJHUM M3 CaMbIX 3HAUUTEJBHBIX NOTpeOUTEIeH dJIeKTpH-
yeckoit sHepruu. B Kazaxcrane Benmka 10Js TPAaHCIIOPTHOW COCTaBIAIONICH B ceOecTOMMOCTH poxyKiuuy. [IpuBep:keHHOCTH
KazaxcTaHa menmsM ycTOWYIHBOTO Pa3BUTHS CO3MAeT HEOOXOAMMOCTh 0ojee YKOHOMHYHOTO pacxoja dHeproHocuTeneil. Kak
MPaBHJIO, IIECTas YacTh 3aTPaT Ha TPAHCIOPTUPOBKY HE(TH — 3TO 3aTPaThl HAa 3JIEKTPOIHEPTHIO, KOTOpasi TPATUTCA HA IMPHU-
BOJI HACOCHOTO 00OpymoBaHus. [103TOMY akTyanbHBI pabOTHI IO CO3MAHMIO YHEProd(h(HeKTUBHBIX HacocoB. B cTaTee mpemio-
JKeHa HOBasg KOH(GHUTyparmio padodero xojeca (C mepeMeHHOH KPUBH3HOM JIOMATOK) JJIS IEHTPOOEKHBIX HACOCOB JBOWHOTO
BCachIBaHUsI ¢ OoJiee BhICOKOU 3(h(heKTUBHOCTHIO. BpiIo mpoBeneHo cpaBHenue Hanopa u KI1J] neHTpobexHOro Hacoca ¢ pas-
JIMYHBIMU JIOTIACTHBIMU peleTkaMu. [IpeioxkeHHble N3MEHEHNSI B KOHCTPYKIUH IIEHTPOOEKHOr0 HAacoca MPUBOJIUT K YBENH-
YCHHUIO CTAaTHYCCKOI'O JaBJICHUA H OTHOCHUTEIHLHOM CKOPOCTH, YTO BC€ACT K MOBBIILICHUIO THAPABINYCCKOTO U o6mero KHII, a
KUHETHYECKasl SHEPrHsl TYpOYJICHTHOCTH CHIIKAET CBOIO MyJsbcanuto. [Ipu aToM pabouast Touka Hacoca CMEIIAETCsl B CTOPOHY
YMEHBIIICHUS TTofgayu Ha 1.5%.

Knioueguvie cnosa: mpybonpogoouviii mpancnopm, mpancnopmuposka Heghpmu, yeHmpoOexsCcHblll HACOC ¢ KOIecoM 08YX-
CMOPOHHE20 BCACHIBANUSL.
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