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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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o01ecTBa, wieH AMEPUKAaHCKON accouuanuu sKoHomuueckux reonoros (ITexkun, Kuraii), https://www.scopus.
com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/1753209

@®UILIEP Axcens, PhD, accormuupoannsiii npopeccop, Texunueckuii yauBepcutet pesnen ([pesnew,
Bepnun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100;  https://www.webofscience.com/
wos/author/record/2085986

AT'ABEKOB Baamumup EHokoBM4Y, JOKTOp XMUMHYECKMX Hayk, akagemuk HAH benapycu, mouetHbrit
upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
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Abstract. Relevance. Efficient operation of parallel pumping systems is
challenged by variable water demand and partial-load conditions, which can
shift pumps away from their optimal operating range. Objective. This study
investigates hydraulic flow redistribution in parallel pump systems using internal
bypass regulation and develops a numerical framework for analysing its effect
on system operating conditions. Methods. A steady-state hydraulic model of a
parallel pumping system was developed in EPANET 2.2. The model represents
two parallel centrifugal pumps, suction and discharge pipelines, a common
delivery system, and an adjustable bypass connection between the pump branches.
Different bypass conductivity conditions were simulated to evaluate changes in
the system characteristic and pump operating points. Results. The numerical
results show that bypass conductivity substantially affects the hydraulic behaviour
of the parallel pumping system. Increasing bypass conductivity changes the
system characteristic and modifies the operating points of the pumps, resulting in
redistribution of flow within the pumping system. The simulations demonstrate
how different bypass conditions modify the hydraulic operating conditions and
pump operating points relative to the no-bypass condition. Conclusions. The study
demonstrates the applicability of EPANET 2.2 for steady-state analysis of bypass-
controlled parallel pumping systems at the network level. The proposed modelling
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approach provides a basis for evaluating bypass configurations and their influence
on hydraulic operating conditions without changing pump rotational speed.

Keywords: hydraulic modelling; parallel pumps; flow redistribution; pumping
stations; EPANET; bypass regulation
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AHHOTauusl. O3zexminiei. llapannens >KyMbIC ICTEHTIH COpPFBI JKylenepin
THIM/II Tali1aaHy Cy TYTHIHYIBIH ©3repMENUTITIMEeH JKOHE COPFhUIAP/IBIH iTiHapa
KYKTEMe JKaF TalbIH]1a )KYMBIC iCTeyiMeH KypeJIeHe 1, OYIT dKYMBIC peKUMICPIHIH
OHTAIUIBI KaFAaiiapian aybITKybIHA 9Kelyl MYMKiH. Maxcamoi. Ochl 3epTTeyae
ki aifHaiMa KyOBIp/IbI Naiiianany apKbUIbl TTapauIelh )KYMBIC iICTEHTIH COPFBI
KYHeJepiHaeri arbIHAapAbl THAPABIUKAIBIK KaliTa 06y KapacThIpbUIabl KOHE
OHBIH JXYHMEHIH YMBIC PEKUMAEPIHE ocepiH TaljayFa apHaJIFaH CaHJIBIK TOCII
ozipneneni. Odicmepi. CTalMOHAPIBIK THAPABINKAIBIK PEXKUMICPAI MOJEIbICY
yurin EPANET 2.2 OGarmapnamanblK KellleHiHJe Iapajuieb COPFbI KYHWECiHiH
Mozeni a3ipnenai. Mojensre mapaienb XKYMBIC ICTeWTIH €Ki OpTafaH TEemKill
COPFBI, COpY JKOHE aijay KyOwIpiapbl, *Kaimbl cy Oepy XKyHeci jKoHEe COpFbI
TapMaKTapbl apachblHAaFrbl PETTENETIH aifHajiMa KOocbUIblC eHrisinmi. JKyiie
cUmnarTaMachl MEH COPFBUIAPIBIH JKYMBIC HYKTEJEpiHIH e3repicTepiH Oaramay
VIIH aiHaiMa KOCBUIBICTBIH OPTYPINi OTKI3TIIITIK >Karmaiiapbl OOWBIHIIA
Monenbaey Kyprisingi. Homuowenepi. CaHABIK MOJAETBACY HOTIKENEpPi
aifHaIIMa KOCBUIBICTBIH OTKI3TIMITITIHIH €3repyi mapajuieslb COpPFbI KYHECiHIH
THJIPABIMKAIIBIK PEKUMIHE dcep ETEeTIHIH KepceTTi. AWHanmMa OTKI3TIillITIKTiH
apTybl Kylie CHUIAaTTaMachlH >KOHE COPFBUIAPIBIH KYMBIC HYKTEJIEPIH ©3TepTi,
COpFBI JKYHECIHIH imIiHAe arbIHAApABIH Kaita OeriHyiHe okeneni. Mopenbpaey
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HOTHJKENepl aiiHaliMa KOCBUIBICTBIH OpPTYPJi JKaFJaliapblHBIH  OKYHEHIH
THIIPABIMKAIIBIK JKYMBIC PEKUMIEPI MEH COPFBUIAPIBIH JKYMBIC HYKTENEpiHe
ocepiH alHalIMa KOCBUIBICCHI3 PEKUMMEH CallbICTBIpyFa MYMKIHTIK Oepei.
Kopvimwinovinap. 3eprrey EPANET 2.2 OarnapiaMachlH THAPABIMKAJIBIK K
JIeHreiHge peTTesIeTiH aifHalMa KOCBUIBICHI Oap mapajulelib COPFBI JKyienepin
CTAI[MOHAPIIBIK Tajay YIIiH KOJJIaHYABIH MYMKIHJITIH KepceTeli. ¥ ChIHBUIFaH
CaHJIBIK TOCIJ COPFBIIAPABIH alfHATY XKUIJITIH e3repTiiei, aiiHaiMa KOCBIIBICTBIH
OpTYPIi  KOH(UIypauusiaapblH >KOHE OJAapAbIH THUAPABIMKAIBIK  KYMBIC
pexXuMIIepiHe ocepiH Oaranayra MYMKIHIIK Oeperti.

Tyiiin ce31ep: ruapaBIMKaIbIK MOEIbBCY; ApaJJIesIb COPFBUIAP; aFbIHAAPABI
Kaiita Oemy; coprel ctaniusuiapel; EPANET; nmepemyck apKbuibl peTTey
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AHHoOTanus. AxmyaroHocme. DhEKTHBHAS SKCILTyaTaIMs MapauieTbHBIX
HAaCOCHBIX CHCTEM  OCJIOKHSAETCS HW3MEHEHUSMU  BOIONOTpeONeHHus U
HEO0OXOUMOCTBhIO PabOThl HACOCOB B YCJIOBHSIX YACTHYHON HArpy3kh. ITO
MOXKET TPHUBOJAUTH K OTKIOHCHHIO pabOuMX pPEKUMOB OT ONTHUMAIbHBIX
3HAYCHHH, CHW)KCHUIO THAPABINYECKON 3()(PEeKTHBHOCTH W BO3HUKHOBEHHIO
HEPaBHOMEPHOTO paclpeielieHUus] PacXoJ0B MEXAY HACOCHBIMU arperaramm.
B cBs3u ¢ 9TUM akTyanbHOW 3ajaveill SIBISETCS HCCIeNOBaHHE BO3MOXKHOCTEH
PETyIUPOBaHUs THIPABINYECKAX PEKUMOB ITyTeM IEepepactpe/eieHns MOTOKOB
MEXIy TapajuleTbHbIMA HACOCHBIMH BeTBSMU. [[env. VccrmemoBaTh BIMsSHUE
PETyINpPYyeMOTo BHYTPEHHETO MEPeIryCcKa Ha THIPABINYECKOE ITepepacIpeiecHIe
MTOTOKOB B MapalIeIbHBIX HACOCHBIX CUCTEMAaX U pa3pad0TaTh YHCICHHBIN ITOIXOT
K OIICHKE M3MEHEHHUs paboYuX PeKUMOB HAcOCOB. Memoodwl. Jlns nccnenoBanus
CTAI[MOHAPHBIX THAPABIMYECKUX PEXHUMOB pa3paboTaHa dYHCICHHAs MOJETh
MapaiyieIbHON HaCOCHOM CUCTEMBI C MCIIOb30BAaHUEM MTPOTPAMMHOTO KOMILIEKCa
EPANET 2.2. Monenb BKITIOUAET JIBa MapalljieIbHO pa0OTAONINX [IEHTPOOEIKHBIX
Hacoca, BCACHIBAIONIME W HAIMOPHBIE TPYOOIPOBOJBI, OOIIYI0 BOIOTOMAFOIILYIO
CeTh W PETYIUpPYyEeMOe TEPEIyCKHOE COSAMHEHNE MEXIy HACOCHBIMU BETBSMHU.
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[IpoBeneHo YMCICHHOE MOACIUPOBAHUE PA3TUYHBIX 3HAYCHUN T'HIIPABINYECKON
MPOBOAMMOCTH TIEPEIyCKHOTO COCAMHEHHs] JJsl OLEHKM HUX BIMSHUS Ha
pacmpenesieHue PacxolioB, THIPABIMYECKHE XapaKTEePUCTHKH CHCTEMBI U
MOJIOKEHUE PA0OUYMX TOUEK HACOCOB. Pe3yibmamsi. YCTaHOBIICHO, YTO H3MEHEHHE
THJIPABIMYECKON MPOBOANMOCTH MEPEMYCKHOTO COCIUHECHUS OKa3bIBACT BIMSIHHUE
Ha pacrpe/ieJIeHUe TOTOKOB U pabouue pesKUMBI MapauIeIbHO (yHKIHOHUPYIOLIIX
HacoOCOB. YBEIMYEHHE MPOBOAMMOCTH TEperycka MHPHUBOAUT K HU3MEHEHHIO
THJIPABIMYECKIX XapaKTEPUCTUK CUCTEMBI U CMELICHUIO PA00YHX TOYEK HACOCHBIX
arperaroB, CONPOBOXKIAIOIIEMYCSl TEPEPACHPEACICHUEM PacXoloB MEXKAY
HacOCHBIMU BeTBSIMU. CpaBHUTEIbHBIN AaHAITN3 PACUETHBIX PEKUMOB C TEPEITYCKOM
n 0e3 Hero Mmoka3ana BO3MOKHOCTh PETYIHPOBAHUS THAPABINYECCKUX MTapaMETPOB
CHCTEMBI IOCPEICTBOM H3MEHEHHSI TPOBOJMMOCTH IIEPEITyCKHOTO COeTMHEHUS O3
KOPPEKTUPOBKHU YaCTOTHI BPALICHHUSI HACOCOB. Bbi600b1. Pe3ynbraThl Hccne10BaHus
MOATBEPKIAIOT MNPUMEHUMOCTh mporpaMMHoro komiiekca EPANET 2.2 ana
YHCJICHHOTO aHAJIN3a CTAllMOHAPHBIX TMIPABIMYECKUX PEKUMOB MapajuICIbHbBIX
HACOCHBIX CHCTEM C PETyIHPYeMbIM BHYTPEHHHUM mepenyckoM. [Ipeanoxennsiit
MOJXOA TIO3BOJISICT OLICHUBATH BIMSHHUE Pa3IMYHBIX MapaMEeTPOB IEPEIyCKHOTO
COCIAMHEHUS Ha pacIpeesieHIe PacX00B U MOJOKEHHE pabourX TOUEK HACOCOB.
[lonmy4yeHHble pe3ynbTaThl MOTYT HCIHOJB30BaTbCS IPH aHajIM3€ M BBIOOpE
PEKMMOB 3KCILUTyaTallil HACOCHBIX CHCTEM C YYETOM H3MEHSIOIIUXCS yCIOBHUN
BOJOTIOTPEOICHUSI.

KitroueBble cjioBa: ruipaBInuecKkoe MOJCINPOBAHNE; TAPAJUICIbHbBIC HACOCHI;
nepepacnpenenacHue notokos; HacocHble cranuuu; EPANET; perynupoBanue
MepernycKoM

Introduction. Fluctuations in water consumption often result in pumping
stations operating outside the best efficiency point (BEP), which may lead to
increased hydraulic losses and higher specific energy consumption (Walski et al.,
2003; Bunn and Reynolds, 2009; Giilich, 2010; Cimorelli et al., 2020). Energy
consumption associated with water supply and pumping processes has been
widely considered in the context of resource efficiency and sustainable water
infrastructure (Plappally and Lienhard, 2012; Coelho and Andrade-Campos, 2014;
Bazilian et al., 2011). These issues become particularly relevant in systems with
variable hydraulic demand, where pumping equipment must operate under a wide
range of flow conditions.

Parallel operation of centrifugal pumps is widely used in water supply and
irrigation systems because it provides operational flexibility, redundancy, and
the possibility of adapting the supplied discharge to changing demand. From a
hydraulic perspective, the operating point of a pumping system is determined by
the interaction between the pump characteristic and the system characteristic.
Under parallel operation, the total discharge is distributed between the individual
pump branches, and changes in hydraulic resistance or operating conditions can
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modify both the total discharge and the operating conditions of individual pumps
(Karassik et al., 2008; Giilich, 2010). Under partial-load conditions, changes in the
hydraulic regime may result in uneven flow distribution, displacement of operating
points, and reduced overall performance (Karassik et al., 2008; Wang et al., 2022).

Conventional methods for regulating pumping systems include throttling,
pump switching, and variable-frequency drives. Throttling is relatively simple
to implement but involves dissipation of excess head through increased
hydraulic resistance (Giilich, 2010). Variable-speed control provides a more
flexible means of adapting pump operation to changing demand, although its
implementation may require modernization of electrical infrastructure and
additional investment (Cimorelli et al., 2020; Oshurbekov et al., 2020; Salmasi
etal., 2022). In parallel pumping systems hydraulic regulation methods that can
modify operating conditions without changing pump rotational speed remain of
practical interest.

One such approach is hydraulic flow redistribution through an internal bypass
connection. Previous studies have investigated the hydraulic and operating
behaviour of parallel pumping systems under different operating conditions
(Olszewski, 2016; Olszewski and Arafeh, 2018). In the present study, the bypass
is considered as an additional hydraulic connection between the parallel pump
branches. The bypass introduces an additional hydraulic branch and changes
the effective hydraulic characteristics of the system. Its effect depends on the
hydraulic resistance of the bypass and the characteristics of the connected pump
and pipeline system. At the same time, bypass flow is associated with additional
hydraulic losses and internal recirculation; excessive bypass flow may adversely
affect overall system performance. The effectiveness of bypass regulation depends
on the specific hydraulic configuration and operating conditions.

Despite the development of hydraulic and optimization approaches to
pumping-system analysis, modelling of bypass regulation as an active hydraulic
control variable remains comparatively limited. Existing studies have considered
bypass arrangements in experimental configurations and related analyses, while
systematic numerical investigation of the relationship between bypass conditions,
system characteristics, and operating points of parallel pumps remains limited.
The review of existing modelling approaches indicates that EPANET and other
hydraulic simulators are widely used for analysing pump operation and network
hydraulic conditions, whereas bypass regulation has received less attention as an
explicit mechanism of flow redistribution (Walski et al., 2003; Rossman, 2020;
Olszewski, 2016; Olszewski and Arafeh, 2018; Gan et al., 2025).

EPANET 2.2 provides a network-level framework for analysing hydraulic
conditions in pressurised pipe systems and allows pumps, reservoirs, pipes,
and control elements to be represented within a common hydraulic model
(Rossman, 2020). Previous research has also demonstrated the use of
hydraulic modelling and optimization approaches for analysing pumping-
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system operation under variable conditions (Cimorelli et al., 2020; Egito
et al., 2023; Gong et al., 2025). In the present study, EPANET 2.2 is used
specifically for steady-state hydraulic network modelling. The model
represents pump behaviour through prescribed head-discharge characteristics
and evaluates the interaction between the pump group, pipeline system, and
bypass branch. Detailed three-dimensional flow processes inside the pump,
including impeller-scale flow phenomena, are outside the scope of the present
network model.

The research gap concerns the numerical representation of bypass regulation as
an adjustable hydraulic element in a parallel pumping system. The study examines
how changes in bypass hydraulic conductivity affect the system characteristic
and the resulting operating points under steady-state conditions. The modelling
provides a controlled framework for analysing the hydraulic response of the
system over a range of bypass conditions and for comparison with experimental
or field-scale data.

The aim of this study is to investigate hydraulic flow redistribution in a
parallel pump system using steady-state numerical modelling in EPANET 2.2
and to evaluate the influence of different bypass conditions on system head-
discharge characteristics and pump operating points. The study focuses on the
hydraulic response of the system and does not directly determine electrical energy
consumption or pump efficiency. The numerical framework developed in this study
provided the hydraulic modelling basis for the subsequent combined experimental
and numerical investigation reported by lovbak and Sennikov (2026) for the
corresponding physical configuration.

Materials and Methods. Modelling concept and system configuration. The
investigated system represents a parallel pumping arrangement consisting of two
identical centrifugal pumps connected to common suction and discharge pipelines.
The hydraulic configuration includes a source reservoir, two pump branches, a
common delivery pipeline, and an adjustable bypass connection between the pump
branches. The bypass is represented as an additional hydraulic branch that enables
redistribution of flow between the pump circuits. Its hydraulic conductivity was
varied to investigate the resulting changes in the operating conditions of the
pumping system.

The operating condition of a pumping system is determined by the interaction
between the pump head-discharge characteristics and the hydraulic characteristics
of the connected pipeline system. For the reference parallel configuration, the
total discharge is distributed between the individual pump branches and the
operating condition is determined by the interaction between the combined pump
characteristic and the system characteristic (Karassik et al., 2008; Gtilich, 2010;
Todini and Pilati, 1988). When the bypass is opened, the additional hydraulic
connection modifies this interaction and changes the operating conditions of the
individual pump branches.
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In the present study, the bypass is considered as a hydraulic flow-redistribution
element rather than a source of additional hydraulic energy. Opening the bypass
creates an additional hydraulic connection between the discharge side of Pump
1 and the suction side of Pump 2, thereby changing the hydraulic interaction
and flow distribution within the pump group. At the same time, flow through the
bypass is associated with hydraulic losses in the bypass pipeline and regulating
valve. The effect of bypass regulation is evaluated primarily through changes in
flow distribution, system characteristics, and pump operating points.

Numerical modelling in EPANET 2.2. The hydraulic model was developed in
EPANET 2.2. The software was used as a network-level hydraulic calculation
tool for analysing the steady-state behaviour of the pressurised pumping system.
EPANET allows pumps, reservoirs, pipes, junctions, and control elements to be
represented within a common hydraulic network and is applicable to steady-state
and extended-period analysis of pressurised water systems (Rossman, 2020).

The model consists of two parallel centrifugal pumps, suction and discharge
pipelines, a common delivery section, a reservoir, and an adjustable bypass
branch. The pump performance of each unit was represented in EPANET by the
experimentally determined head—discharge characteristic reported by lovbak
and Sennikov (2026). The characteristic was implemented as discrete flow-head
data points, with interpolation performed internally by EPANET. The bypass was
introduced as a separate branch with adjustable hydraulic conductivity.

The dimensionless bypass conductivity parameter Ky, was used to classify
the investigated bypass regulation conditions and as a comparative indicator of
the hydraulic capacity of the bypass branch. A value of Ky =0 represents the
closed-bypass reference condition, while increasing values represent progressively
greater bypass capacity. The parameter was not implemented as a native EPANET
control variable; instead, the corresponding bypass conditions were represented
by changing the setting of the bypass control valve and the hydraulic resistance of
the bypass branch.

The present numerical model is limited to the hydraulic behaviour of the
connected pipeline network. It does not represent three-dimensional flow processes
inside the pump casing orimpeller. Impeller-scale velocity fields, detailed turbulence
structures, cavitation, and other internal pump-flow phenomena are outside the
scope of the EPANET model. The purpose of the simulation is to determine the
system-level hydraulic response of the parallel pumping arrangement to changes
in bypass conditions.

The hydraulic configuration of the numerical model is shown in Figure 1. The
model consists of two parallel centrifugal pumps, suction and discharge pipelines,
a common delivery pipeline, and an adjustable bypass branch connecting the
pump circuits.
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Figure 1. Schematic representation of the parallel pumping system with an adjustable bypass used
in the EPANET 2.2 model.

Pump characteristics. Two identical K-20/30 centrifugal pumps were
represented in parallel. The nominal discharge of each pump is 20 m*h, the
nominal head is 30 m, the rotational speed is 2900 rpm, and the motor power is
2.2 kW. These parameters correspond to the physical pump configuration used
for the experimental investigation and provide a common basis for comparison
between the numerical and experimental stages of the research. The corresponding
laboratory and EPANET parameters are reported by lovbak and Sennikov (2026).

The pump performance of each pump was defined using the experimentally
determined head-discharge characteristic reported by lovbak and Sennikov (2026).
For implementation in EPANET 2.2, the characteristic was specified as discrete
flow—head data points, with interpolation performed internally by the software.
The same prescribed pump characteristic was used for both pumps and remained
unchanged throughout all bypass scenarios.

For a conventional connected pipeline system, the hydraulic characteristic can
be expressed in the general form:

H=H, +kQ* (1)

where H is the required system head, m; H_, is the static head, m; Q is the
total system discharge, m*/s; and k is the hydraulic resistance coefficient of the
system (Todini and Pilati, 1988). Equation (1) is used here to describe the general
relationship between system head and discharge and to illustrate the operating-
point concept. In the EPANET model, the complete network topology, including
the bypass branch, is solved directly rather than being reduced to a single hydraulic
resistance coefficient.

For the reference parallel configuration, the operating condition can be described
by the interaction between the combined pump characteristic and the system

167



ISSN 2224-5278 5.2026

characteristic. When the bypass is opened, the additional hydraulic connection
modifies this interaction and changes the resulting operating conditions of the
individual pump branches.

The rotational speed of both pumps was kept constant during the simulations.
Changes in the calculated operating conditions were attributed to changes in the
hydraulic configuration of the system rather than to variable-speed control.

Hydraulic parameters of the numerical model. The main parameters of the
numerical model are presented in Table 1. The geometric parameters correspond
to the laboratory configuration used in the experimental investigation. The use of
the same principal parameters provides consistency between the numerical model
and the physical system.

Table 1. Main parameters of the numerical model.

Parameter Value
Number of parallel pumps 2

Pump type K-20/30
Nominal pump discharge 20 m*/h
Nominal pump head 30 m
Rotational speed 2900 rpm

Motor power (reference parameter of the physical pump; not used as an input for |2.2 kW
hydraulic energy-consumption calculations in the present model)

Suction pipe diameter 50 mm
Discharge pipe diameter 40 mm
Suction pipe length 1.8 m
Discharge pipe length 32m
Bypass pipe diameter 32 mm
Bypass pipe length 3.5m

Pipe material PVC SDR21
Hazen-Williams coefficient, C 130
Reservoir water level 0.4 m

0-1.0

Bypass hydraulic conductivity parameter, gp

The pipeline roughness was represented using a Hazen-Williams coefficient
of C=130, corresponding to the PVC SDR21 pipes used in the experimental
configuration. The bypass branch had a diameter of 32 mm and a length of 3.5 m.

Bypass regulation scenarios. The bypass hydraulic conductivity parameter
Ky, was used as the principal comparative variable for analysing the effect of
bypass regulation. A value of K3, = 0 represents the reference condition with the
bypass closed. Increasing values of Kp,, represent progressively greater hydraulic
capacity of the bypass branch.

For each bypass condition, steady-state hydraulic calculations were performed
over the investigated operating range. The resulting discharge and head values
were obtained for the pumping system and used to determine changes in the
system characteristic and pump operating points. The numerical scenarios were
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used to examine the hydraulic response of the parallel pump system over a range
of bypass conditions while maintaining constant pump rotational speed.

The analysis focused on how changes in bypass conductivity affected the
hydraulic behaviour of the system, particularly the system head-discharge
relationship, flow distribution between the parallel pump branches, and the
resulting pump operating points.

The bypass conductivity was treated as a hydraulic control parameter rather
than as a direct energy-saving parameter. No direct electrical power consumption,
specific energy consumption, or pump efficiency was calculated from the EPANET
simulations. Accordingly, the results of this study are interpreted in terms of
hydraulic operating conditions and flow redistribution, rather than as direct
measurements of electrical energy savings.

This modelling approach provided a controlled numerical basis for analysing
bypass regulation and formed the hydraulic modelling basis for the subsequent
combined experimental and numerical investigation of the corresponding physical
configuration reported by lovbak and Sennikov (2026).

Evaluation of the modelling results. The calculated results were evaluated by
comparing the operating conditions obtained for different bypass conductivity
values with the reference no-bypass condition. The principal comparison variables
were total discharge, system head, and the position of the operating points of the
parallel pumps.

The calculated head-discharge relationships were used to identify the hydraulic
response of the system to changes in bypass conductivity. Particular attention was
given to the direction and magnitude of operating-point displacement and to the
redistribution of discharge between the parallel pump branches.

The modelling results were not used to assess pump efficiency or electrical
energy consumption. Such assessment would require additional pump-performance
and power-consumption data. The study focuses on the hydraulic effects of bypass
regulation, while the experimental results provide a complementary basis for
comparison.

Results. Effect of bypass conductivity on the system hydraulic characteristic.
Simulations were performed for Kbp =0, 0.2, 0.4, 0.6, 0.8, and 1.0. Figure 2
presents the calculated steady-state operating points obtained for the different
bypass conductivity conditions. Each plotted point corresponds to a separate
EPANET steady-state solution, and the total discharge is not prescribed to be
identical for different bypass conditions. The points at different Ky, values
should not be interpreted as a comparison of system head at the same fixed total
discharge. The head-discharge relationships presented in Figure 2 represent the
system-level hydraulic response of the complete pumping configuration and
should not be interpreted as individual pump characteristic curves. The prescribed
pump characteristics remain unchanged for all bypass scenarios. The total system
discharge is defined as Qrorar = @1 + @2 where &1 and @2 are the flow rates
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through Pump 1 and Pump 2, respectively. The bypass flow is internal to the
pumping system and does not represent an additional external discharge.

581 Bypass hydraulic conductivity

—8— Kbypass =0 —— Koypass = 0.6
W= Koypass=0.2  —¥— Koypass=0.8
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Figure 2. Calculated steady-state operating points of the parallel pumping system for different
bypass hydraulic conductivity conditions.

The simulation results demonstrate that variation of &3y changes the hydraulic
response of the parallel pumping system. Compared with the reference condition,
the introduction of the bypass produces a systematic change in the calculated
head-discharge relationship. The modelled system responses differ across the
investigated bypass conductivity conditions.

The modelled responses show changes in the system-level hydraulic behaviour
as the bypass conductivity is varied. These changes reflect the effect of the
additional hydraulic connection between the discharge side of Pump 1 and the
suction side of Pump 2 on the interaction between the pump branches and the
connected pipeline system. Since the pump characteristics and rotational speed
were kept unchanged, the differences between the simulated scenarios are
attributed to changes in hydraulic configuration rather than to changes in pump
speed or prescribed pump performance.

The results should be interpreted as network-level hydraulic responses of the
model. The bypass does not generate additional hydraulic energy. Its opening
creates an additional flow path between the pump branches, which changes the
distribution of flow within the system. At the same time, flow through the bypass
is accompanied by hydraulic losses associated with the bypass pipe and regulating
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element. The effect of bypass regulation should be interpreted as a change in
hydraulic flow redistribution and system response rather than as an additional
source of hydraulic energy.

Flow redistribution between parallel pump branches. The simulation results
indicate that changing the bypass conductivity modifies the distribution of flow
between the two parallel pump branches. Under the reference condition Ryp = ﬂ,
the bypass does not participate in the hydraulic interaction between the branches.

As Bon i varied, the additional hydraulic connection changes the flow conditions
within the pump group.

The resulting redistribution affects the operating conditions of the individual
pumps while their rotational speed remains unchanged. The numerical results
demonstrate that bypass regulation can modify the hydraulic interaction between
parallel pumps through changes in the internal flow paths.

The magnitude and direction of the flow redistribution depend on the bypass
condition and on the hydraulic characteristics of the connected pump and pipeline
system. The results indicate that the bypass hydraulic conductivity parameter can
be used as a comparative hydraulic control parameter for investigating different
operating regimes of parallel pump systems.

No conclusions regarding pump efficiency or electrical energy consumption
are drawn from these results. Such parameters were not calculated in the present
EPANET model, as specified in the modelling methodology.

Identification of a hydraulically favourable bypass range. The comparison
of the simulated operating conditions indicates that the intermediate bypass
conductivity range provides the most favourable hydraulic response among the
investigated scenarios. In particular, the conditions corresponding to Kpp =0.2-
0.4 provide a balanced hydraulic regime in which the bypass modifies the flow
distribution between the parallel pump branches without the pronounced reduction
in system head observed at higher bypass conductivity values. At K, =0.6-1.0,
the influence of the internal bypass path becomes more pronounced, resulting in
a stronger modification of the system hydraulic response. Kpz =0.2-0.4 can be
considered a hydraulically favourable range for further investigation rather than a
universally optimal operating condition.

Comparison of bypass and reference conditions. Comparison of the calculated
regimes with the reference condition K, = 0 confirms that the bypass changes
the system-level hydraulic response without changing the pump rotational speed
or the prescribed pump characteristics.

The principal observed effect is a displacement of the calculated operating
conditions resulting from the modified hydraulic configuration. The bypass acts as
an internal hydraulic connection that changes the interaction between the parallel
pump branches and the common pipeline system.

The numerical results demonstrate the sensitivity of the system to the bypass
conductivity parameter. The simulations provide a hydraulic comparison of the
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different bypass conditions rather than a direct assessment of pump efficiency or
electrical energy consumption.

The numerical results provide a basis for comparison with experimental
observations for the same physical configuration.

Discussion. The numerical results demonstrate that bypass regulation can
modify the hydraulic response of a parallel pumping system without changing
pump rotational speed. The observed changes in the head-discharge relationships
and operating conditions are associated with the introduction of an additional
hydraulic connection between the pump branches. This is consistent with the
general principle that the operating point of a pumping system is determined by
the interaction between the pump characteristic and the hydraulic characteristic of
the connected system (Karassik et al., 2008; Giilich, 2010). In a parallel pumping
arrangement, changes in hydraulic resistance can affect both the total discharge
and the distribution of flow between individual pump branches.

The results should be interpreted within the capabilities of the EPANET 2.2
framework. The model describes the steady-state behaviour of the connected
pressurised pipe network and represents pump performance through prescribed
head-discharge characteristics (Rossman, 2020). EPANET 1is appropriate
for analysing system-level hydraulic interactions between pumps, pipelines,
reservoirs, and control elements. The model does not resolve detailed three-
dimensional flow processes inside the pump casing or impeller. Impeller-scale
velocity fields, detailed turbulence structures, cavitation, and other internal pump-
flow phenomena are outside the scope of the present study.

An important aspect of bypass regulation is that the bypass does not constitute
an additional source of hydraulic energy. Instead, it provides an additional
hydraulic path between the pump circuits and modifies the hydraulic interaction
within the system. Flow through the bypass is also associated with hydraulic losses
in the bypass branch and regulating elements. Changes in the calculated system
characteristics should be interpreted primarily in terms of flow redistribution and
changes in operating conditions rather than as direct evidence of increased pump
efficiency or energy savings. The hydraulic behaviour of pumping systems is
governed by the interaction between pump characteristics and system resistance,
and changes in the hydraulic configuration can alter the resulting operating point
(Karassik et al., 2008; Giilich, 2010).

The present results do not support considering bypass regulation as a universal
replacement for conventional pumping-system control methods. Throttling,
pump scheduling, and variable-frequency control are established approaches
for adapting pump operation to changing hydraulic demand. Variable-frequency
drives modify pump operating conditions by changing rotational speed, whereas
bypass regulation modifies the hydraulic interaction between parallel pumps while
maintaining constant rotational speed. The relative suitability of these approaches
depends on the hydraulic configuration and operational requirements of the
pumping system (Cimorelli et al., 2020).
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The numerical framework developed in the present study formed the hydraulic
modelling basis for the subsequent combined experimental and numerical
investigation reported by lovbak and Sennikov (2026). The corresponding physical
configuration used in that study was based on the same principal pump, pipeline,
bypass, and model parameters considered in the present numerical analysis. The
intermediate range Kpp= 0.2-0.4 identified as hydraulically favourable in the
present simulations was consistent with the corresponding experimental results,
where this range was associated with a favourable combination of discharge and
head. The subsequent study combined laboratory measurements with EPANET
modelling and regression analysis, whereas the present work focuses specifically
on the numerical analysis of bypass conductivity and its influence on the system
hydraulic response.

A further limitation concerns the assessment of energy performance. The present
EPANET model does not directly calculate electrical power consumption, specific
energy consumption, or pump efficiency. The numerical results should be interpreted
as a hydraulic assessment of bypass regulation rather than as a quantitative
evaluation of energy savings or economic performance. Such assessment would
require additional pump-efficiency and power-consumption data.

From a practical perspective, the modelling approach can be used as a
preliminary tool for evaluating the hydraulic response of a parallel pumping
configuration under different bypass conditions. Numerical analysis makes it
possible to examine a range of bypass conductivity values while maintaining
constant pump characteristics and rotational speed. Selected hydraulic regimes
can be compared with experimental results and, where appropriate, subjected to
further field verification. Such a staged approach allows the hydraulic behaviour
predicted by the model to be compared with experimental results and subsequently
assessed under practical operating conditions.

The applicability of bypass regulation nevertheless depends on the specific
hydraulic configuration of the pumping station and on the feasibility of installing
and controlling an additional bypass connection. The method should be considered
a complementary hydraulic control option rather than a universal alternative to
existing regulation technologies. Further research should combine numerical
modelling with experimental measurements of bypass flow, pump efficiency,
and electrical power consumption to evaluate the complete hydraulic and energy
performance of bypass-regulated parallel pumping systems.

Conclusion. This study investigated the hydraulic behaviour of a parallel
pumping system with an adjustable bypass using steady-state numerical modelling
in EPANET 2.2. A network-level hydraulic model was developed to represent two
parallel centrifugal pumps, suction and discharge pipelines, a common delivery
system, and an adjustable bypass connection between the pump branches. The
modelling framework made it possible to systematically examine the response of
the pumping system to changes in bypass hydraulic conductivity while maintaining
constant pump characteristics and rotational speed.
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The simulation results demonstrate that variation of the bypass hydraulic
conductivity affects the hydraulic characteristics of the parallel pumping system
and changes the resulting operating conditions of the pump branches. The
introduction of the bypass creates an additional hydraulic connection between
the pump circuits, which modifies the distribution of flow within the system. The
bypass hydraulic conductivity parameter can be used as a comparative parameter
for investigating flow redistribution and changes in the operating points of parallel
pumps without applying variable-speed control.

The results also clarify the hydraulic nature of bypass regulation. The bypass
does not generate additional hydraulic energy; instead, it changes the hydraulic
interaction between the pump branches and introduces an additional flow path
in which hydraulic losses occur. Changes in the calculated head-discharge
relationships cannot be interpreted directly as improvements in pump efficiency
or reductions in electrical energy consumption. The effectiveness of a particular
bypass condition depends on the hydraulic configuration of the pumping system
and the resulting redistribution of flow between the parallel pump branches.

The applicability of the proposed approach is determined by the capabilities
of the EPANET 2.2 modelling framework. The model is suitable for analysing
steady-state hydraulic conditions at the network level, including the interaction
of pumps, pipelines, and bypass elements. It does not resolve detailed three-
dimensional flow processes inside the pumps, such as impeller-scale velocity fields,
turbulence structures, or cavitation. The present study does not directly determine
pump efficiency, electrical power consumption, specific energy consumption, or
economic performance. The numerical results represent a hydraulic assessment
of bypass regulation rather than a direct evaluation of its energy-saving potential.

The modelling framework developed in this study provides a controlled
numerical basis for evaluating different bypass conditions and for comparison
with experimental results for the corresponding physical configuration. It can be
used to identify hydraulic regimes requiring further investigation and to support
the selection of operating conditions for further experimental or field assessment.

The study demonstrates that EPANET 2.2 can be applied to the systematic
steady-state analysis of bypass-controlled parallel pumping systems and to the
investigation of the influence of bypass hydraulic conductivity on flow redistribution
and pump operating conditions. The practical relevance of the proposed approach
is supported by the developed technical solution for regulating the flow of a
pumping station, for which a utility model patent has been obtained (Ilovbak et
al., 2025). The patented technical solution is consistent with the proposed bypass-
based approach and provides a basis for its further investigation and practical
development. Further research should combine the present numerical approach
with experimental measurements of pump efficiency, bypass flow, hydraulic losses,
and electrical power consumption. Such combined numerical and experimental
analysis will be required to determine the practical energy performance and
economic feasibility of bypass regulation in real pumping stations.
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