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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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BAC PEJAKTOP
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Kazakcran PecryOnukachlHbIH AKIapar »oHE KOMMYHMKAIUsIAp MHHHUCTDIITIHIH AKIapaT KOMHTETiHJE
05.06.2025 x. Oepinren N° KZ50VPYO00121155 mep3imMaik 0acbuibiM TipKeyiHE KOWBUIYy Typajbl KyoliK.
TaKbIpBINTHIK OAFbITBL: 2eonoaus, 2u0po2eonous, 2eoepapus, may-kKen ici, MYHail, 2az dHcane Memanoapovly
XUMUSIBIK, MEXHON02USIAPbI

Mep3iminiri: xblibiHa 6 peT.

http://www.geolog-technical.kz/index.php/en/

© «OpranblK A3us akaJIeMUSIIBIK FBUIbIMU opTanbirsDy JKILIC, 2026,



IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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uri?authorld=7004624845

KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Relevance. compressor systems play a critical role in the oil, gas, and
mining industries, ensuring the transportation and compression of technological
gases as well as supporting extraction, processing, and ventilation operations. The
performance and energy efficiency of such systems are fundamentally governed by
the rotor geometry of the compressor, which directly determines the internal flow
structure, pressure distribution, and the magnitude of hydrodynamic losses. While
twin-screw compressors have been extensively studied in the scientific literature,
the optimization of rotor geometry for three-screw compressor configurations
remains insufficiently investigated, despite their practical advantages in terms
of torque balance and smoother pressure delivery. Objective. to perform a
comparative analysis of two rotor geometries for a three-screw compressor
using integrated CAD/CAE modeling and computational fluid dynamics (CFD).
Parametric three-dimensional rotor models were developed in SolidWorks for
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two configurations: a conventional baseline profile (Type A) and an analytically
optimized profile based on the Stosic formulation (Type B). Methods. Numerical
simulations of compressible turbulent gas flow were conducted using the Flow
Simulation module, employing the Favre-averaged Navier—Stokes equations
coupled with the energy conservation equation and the k—¢ turbulence closure
model. The analysis encompassed velocity field distribution, static pressure
distribution, vortex formation intensity, and pressure pulsation amplitude within
the compressor working chamber. Results. demonstrate that rotor geometry
exerts a decisive influence on the flow structure and energy characteristics of the
compression process. Type A exhibits pronounced non-uniformity of velocity and
pressure fields, intensified vortex activity, and localized pressure peaks indicative
of elevated aerodynamic losses. In contrast, the Type B Stosic profile produces a
more uniform pressure distribution, reduced pressure pulsation amplitude, and a
more stable compression regime, consistent with its analytically optimized inter-
lobe geometry. The practical significance of this research lies in the validation of a
CAD/CAE methodology for the optimization of rotor geometry and the design of
energy-efficient three-screw compressors for industrial gas compression systems
in the oil, gas, and mining sectors.

Keywords: three-screw compressor, CFD simulation, rotor geometry, pressure
distribution, vortex structures, CAD/CAE modeling
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AHHOTAUMs. O3exminiei. KOMIPECCOPINBIK KyHenep MyHaid, ra3 jKoHE Tay-
KEH OHEpKACiOiHJIe TEXHOJOTHSUIBIK Tra3fapibl TachIMaliay MEH CBIFBIMIAY/bI
KaMTaMachl3 €Te OTBIPBII, COHAal-aK OHIIpPY, OHJIEY KOHE JKeIACTy MPOLEeCTepiH
KOJIJail OTBIPBIN, MaHBI3ABl pesl arkapaabl. Exi OypaHpmaisl KoMmpeccopiap
KEHiHEeH KOJ/IaHBICKa eHTeHIMeH, YII OypaHaaisl KOHQUTYpauusuiap YUIiH poTop
TEOMETPHSICHIH OHTaWIaHIBIpy OypaHIaibl MOMEHT TEHIrepiMi MEH KbICHIMIIbI
Oipkenki Oepy TYpFBICBIHAAFBl MPAKTUKAIBIK apTHIKIIBUIBIKTAPbIHA KapamMacTaH,
oIl KETKUTIKTI 3epTTeIMEreH cayia OoybIl Kana Oepeni. Kymvicmbiy makcamol.
unterpupneared CAD/CAE-monenbiey MeH ecenTey T'HIpOra3IuHaMHUKachIH
(CFD)konganaoThIpbII, Y1l OypaHaaIbl KOMIIPECCOPIBIH €Ki pOTOP TEOMETPHUSACHIHA
CaJIBICTBIPMAJTBI TAJIAY KYPrizy OO Ta0bUIa bl POTOpIapapiH mapamMeTpiik yi
emmemai moaenbaepi SolidWorks opraceiana eki koH(GUTYypanus yIiH 93ipiaeHIi:
cTangapTTel 0Oazanblk npoduias (A Typi) xoHe Stosic (opMynupoBKackiHA
HETI3/Ie/ITeH aHaJUTUKAJIBIK TYPFBIIaH OHTainanablpeiirad npopuis (B Typi).
Tatidananvinean 20icmep. CHIFBUIATBIH TYpOYJICHTTIK Ta3 aFbIHBIHBIH CaHIBIK
monensaeyl Flow Simulation monyminge ®aBp OoifbiHIIA oOpTamanaHFaHn
HaBpe—Crokc TeHaeysepi, SHEPTUSAHBI CaKTay TeHJEYl KoHe k—& TypOyaeHTTimiK
MOJIeNli MaijanaHelia OTBIPBIT JKYprizinai. Tammay KoMIpeccOpablH KYMBIC
KaMepachIHIaFbl JKbUAAMIBIK OPICIHIH TapailyblH, CTaTUKaJblK KbICBIMHBIH
TapagyblH, BUXPb TY311yiHIH KapKbIHABUIBIFBIH KOHE KBICBIM ITyJIbCALUSCHIHBIH
aAMIUTUTYIAChIH KaMTBIABL. Homuoicenepi. poTOp TEOMETPHUSICHIHBIH CBIFBIMIIAY
MPOLECIHIH aFbIH KYPBUIBIMBI MEH DHEPTeTHKAJBIK CHUIaTTamMalapblHa eIyl
ocep eteriHiH kepcereni. A Typi *KbUIIaMJIBIK MEH KbICHIM OPICTEPiHIH alKbIH
OipkeNnKi eMecTiriH, KYLWIEWTUIreH BHUXPBIIK OCNCEHMAITIKTI JKoHE IKOFaphbl
a’pOAMHAMUKANBIK IIBIFBIHAAPAB KOPCETETIH JKEPrUTIKTI IIBIHABIK KBICHIM
MoHzepiH Oaiikataapl. Stosic mpoduni (B Typi), kepiciHie, KbICBIMHBIH
OipkenKi TapaiyblH, KbICBIM MYJIbCALMSICBHIHBIH TOMEHACTIITCH aMIUINTYIAChIH
KOHE aHaJUTUKAJBIK TYPFBIIAH OHTANIAHABIPBUIFaH KallaKapalblK CaHbLIAy
TEOMETPHUSICBIMEH ~ YHJIeCiMAl TYpakThl CHIFBIMIAYy PEXHMIH KaMTaMachl3
eTefll. 3epmmeyoiy NPaAKMUKaiblk Manbi30bliblebl. MyHall, ra3 *oHe Tay-KeH
OHEPKaCiOiHAET] OHEPKICINTIK ra3 KOMIIPECCOPIIBIK )KYHenepine apHaIFaH SHEPrust
THiMAL yII OypaHaaibl KOMIpeccopiapAbl kodajiay MEH POTOp T€OMETpPHUSCHIH
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oHrtaiinanapipyra apHanran CAD/CAE-omicHamaceiH armpoOarusiiayna OobIn
TaOBUTAbL.

Tyiiin ce3aep: ymBuHTTI KOMIIpeccop, CFD mMonenbaey, poTop reoMeTpHsICHl,
KBICBIM Tapaiybl, KyiiblH KypeusiMaapsl, CAD/CAE Ttanngay
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AHHOTaUuUs. Axmyansnocms. KoMpeccopHble CUCTEMBI UTPAIOT KIIOYEBYIO
poiab B HE(TAHOW, Ta30BOH M TOPHOAOOBIBAIOIIEH IPOMBIIIICHHOCTH,
oOecrieunBas TPAHCIOPTHPOBKY M C)KaTHE TEXHOJOTMUECKHUX Ta30B, a TaKKe
MOJ/ICPKUBasl TPOLECChl A00bIUM, MepepaboTKM M BeHTWISIIMH. HecmoTps
Ha LIMPOKOE PACHPOCTPAaHCHHE JBYXBHHTOBBIX KOMIPECCOPOB, ONTHUMM3ALNS
TreOMETPHUH pOTOpa il TPEXBUHTOBBIX KOH(MUTYpauui ocTaéTcsi HEAOCTATOYHO
W3yYEHHOH 00JIacThIO, HECMOTPS Ha MX MPAKTUYCCKUE MPEUMYIIECTBA, BKIIOYas
0amaHCHPOBKY KPYTSIIETO MOMEHTa W OoJiee TUIABHYIO Mojady HaBieHus. [lens
uccneoo6anusl - IPOBEACHNE CPABHUTEIFHOIO aHANIN3a IBYX T€OMETPUIl POTOPOB
TPEXBUHTOBOTO KOMIIpeccopa ¢ mpuMeHeHneM uHTerpupoanHoro CAD/CAE-
MOJICTUPOBAHNUS M METOJOB BBIYMCIUTEIbHON ruaporazonuHamuku (CFD).
Memoowi. Ilapamerpuueckre TpEXMEPHbIE MOJETH POTOPOB OBUIH pa3pabOTaHbI
B cpene SolidWorks mmst 1Byx koHUrypanuii: crangapTHOT0 0a30BOro mpoguiis
(TMITA) M aHATUTHYECKH OTITUMH3UPOBAHHOTO MPO(UIISt HA 0CHOBE POPMYIUPOBKU
Stosic (tun B). YncnenHoe MojenupoBaHne CKMMaeMOro TypOyJIEeHTHOTO TeUCHHS
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rasa BBINOIHSUIOCH B Moayie Flow Simulation ¢ ncnonb3oBaHueM ocperHEHHbBIX
no daspy ypaBHeHnii HaBbe—CTOKca COBMECTHO C ypaBHEHHEM COXpPaHEHUS
SHEPIUU U MOJENBIO TYpOyIeHTHOCTH k—&. AHaNM3 OXBaThIBAJN pacHpeacieHHe
MoJIe CKOPOCTEH M CTaTHYECKOTO JaBJICHHUS, THTEHCUBHOCTh BUXPEOOpa30BaHNUs
W aMIUIMTYAy TyjJdbcallMd JaBieHUss B palodell Kkamepe KOMIIpeccopa.
Pesynomamer.  IlonydyeHHble JIaHHBIC IIOKa3bIBAIOT, YTO TEOMETPHUSl POTOpa
OKa3bIBaeT OINpENEIIAIONIee BIUSIHUE HA CTPYKTYPY TEUECHHUS M DHEPIreTHUECKUE
XapakTepUCTUKK Tpouecca cxatus. KoHpurypanus tuna A XapakTepusyercs
BBIPQXKCHHOW HEPAaBHOMEPHOCTHIO MOJIEH CKOPOCTEH M JaBJICHUM, MOBBIIICHHON
BHUXPEBOW aKTUBHOCTBHIO U JIOKAJIBbHBIMU MUKOBBIMU 3HAUEHUSIMH JABJICHUS, YTO
CBHUJICTEJILCTBYET O POCTE a’popmHamuyeckux mnortepb. IIpoduns Stosic (Tun
B), nampotuB, obOecneunBaeT Ooiee PaBHOMEPHOE pacHpeAeiCHHUE AABICHHUSA,
CHIDKCHHE aMIUIMTYZBl Mylbcaluii ¥ Ooyiee CTaOWIBHBIM PEXHUM CXKaTus, 4TO
COOTBETCTBYET €T0 aHATUTHYECKU ONITUMHU3UPOBAHHON F€OMETPHH MEKIIONACTHBIX
3a30poB. [Ipaxmuueckas 3nauumocms. Pe3ynpraTsl HCCIEAOBAHUS ITIOATBEPKAAIOT
s¢pexkruBHOCT, TpuMeHeHUsT CAD/CAE-meTtomonoruu A  ONTUMHU3ANUN
TrE€OMETPUH POTOPOB M MPOCKTHPOBAHUS 3HEProd(HeKTUBHBIX TPEXBHHTOBBIX
KOMIIPECCOPOB, MNPEAHA3HAYCHHBIX MAJIS MPOMBIIIICHHBIX Ta30KOMIIPECCOPHBIX
CUCTEM He(TSIHOH, Ta30BOM U TOPHOIOOBIBAIOIIEH OTpaciei.

KuaroueBbie cioBa: TpéxBuHTOBOM Kommpeccop, CFD-monennposanue,
reoMeTpHsl poTopa, paclpeneieHne AaBieHus, Buxpessie cTpykTypsl, CAD/CAE
aHanu3

Introduction. Screw compressors are widely used in refrigeration, energy
conversion, and industrial gas-handling systems due to their high volumetric
efficiency, continuous compression process, and relatively low vibration levels.
Increasing global demand for energy-efficient technologies has intensified research
aimed at improving compressor performance through advanced rotor geometry
design and optimization. Recent reviews emphasize that compressed air systems
represent a significant share of industrial energy consumption, highlighting the
importance of reducing internal losses and improving flow stability through
improved rotor profiles and clearance control (Li et al., 2025). In this context,
the geometric configuration of screw rotors plays a crucial role in determining
pressure evolution, leakage mechanisms, and hydrodynamic efficiency.

The development of modern CAD/CAE tools and high-fidelity computational
fluid dynamics (CFD) has fundamentally changed the design workflow of
screw compressors. Numerical simulations enable detailed analysis of transient
compressible flow, vortex structures, and pressure distribution inside rotating
working chambers, providing valuable insight into performance limitations before
experimental validation. Several recent studies demonstrated that rotor parameters
such as helix angle, wrap angle, and groove depth significantly influence internal
flow behaviour and energy efficiency (Tsao et al., 2023; Aydn et al., 2025).
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Furthermore, CAD-driven optimization combined with CFD has proven effective
for identifying design modifications that reduce specific power consumption
and improve volumetric efficiency (Brinas et al., 2025). Multiphase modelling
approaches have also been applied to oil-injected screw compressors, revealing
the importance of accurately representing fluid—structure interaction and phase
distribution within the working chamber (Basha et al., 2019).

Despite the extensive body of research devoted to twin-screw compressors,
investigations focused on three-screw configurations remain comparatively
limited. The three-screw architecture, consisting of one central rotor and two
auxiliary rotors, offers potential advantages in load balancing and smoother
torque transmission but introduces more complex internal flow interactions
and pressure redistribution phenomena. Previous studies have shown that rotor
clearances and geometric alignment strongly affect performance and durability
in multi-rotor machines (Buckney et al., 2017). In addition, recent work on rotor
profile reconstruction highlighted the geometric complexity involved in designing
accurate three-screw compressor rotors (Baroiu et al., 2022), while investigations
of pressure pulsations revealed that multi-rotor systems may exhibit intensified
unsteady flow behaviour under certain operating conditions (Wang et al., 2025).
Emerging studies on advanced screw machine geometries further indicate that
even small variations in rotor shape can significantly alter flow stability and
hydrodynamic losses (Lacevic et al., 2026).

Consequently, a clear research gap exists in comprehensive comparative
investigations of rotor geometries for three-screw compressors using integrated
CAD/CAE and CFD approaches. Most recent studies focus primarily on twin-
screw systems or analyze individual parameters without evaluating alternative
rotor geometries under identical boundary conditions. Addressing this gap is
essential for developing next-generation high-efficiency compressor systems.

Therefore, the objective of the present study is to perform a CAD/CAE-
based comparative analysis of two rotor geometries in a three-screw compressor.
The research focuses on evaluating internal flow structure, vortex formation,
and pressure distribution in order to identify geometric features that contribute
to improved hydrodynamic stability and reduced energy losses. The obtained
results are expected to support the optimization of rotor design and enhance the
development of energy-efficient screw compressor technologies.

Materials and methods. Two different rotor geometries of a three-screw
compressor were developed (Figure 1) and investigated in this study, hereafter
referred to as Geometry A and Geometry B. The geometrical models were created
using a parametric CAD approach in SolidWorks, enabling precise control of helix
angle, rotor diameter, lead, and inter-axial distance. Parametric modelling allows
rapid modification of profile parameters and facilitates comparative evaluation
under identical operating conditions. Previous research has shown that accurate
geometric representation of screw rotors is essential for reliable CFD prediction
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because small deviations in profile shape may significantly influence leakage paths
and pressure evolution (Ziviani et al., 2018; Kovacevic & Stosic, 2019).

|

e
=,
B
X

IRERERERRRERY

L |

a b
Figure 1. (a)) Rotor profile of Type A (b) Rotor profile of Type B. )

The computational domain included the internal working chamber formed by
the central rotor and two auxiliary rotors. To simplify numerical analysis while
maintaining physical relevance, clearances between rotors and casing were
assumed constant along the axial direction. The rotor positions were fixed for
quasi-steady analysis of internal flow fields, a commonly adopted approach in
preliminary compressor investigations (Liu et al., 2017).

Numerical simulations of the internal flow were performed using the SolidWorks
Flow Simulation module. The governing equations include the conservation of
mass, momentum, and energy for compressible turbulent flow. The Reynolds-
averaged Navier—Stokes (RANS) formulation was applied, which is widely used
in screw compressor CFD studies due to its balance between computational cost
and accuracy (Papes et al., 2016; Vande Voorde et al., 2020). Turbulence effects
were represented using a two-equation model suitable for rotating internal flows
with moderate Reynolds numbers.

Results and discussions. Air was selected as the working fluid and modelled
as a compressible Newtonian gas. The numerical simulations were performed
under steady-state conditions with turbulence effects included. The flow
field inside the three-screw compressor was described using the fundamental
conservation equations of continuum mechanics commonly applied in the analysis
of compressible viscous flows.

The conservation of mass in the computational domain is expressed by the
steady compressible continuity equation:

V- (p?) =0, (1)

which ensures mass balance within the working chamber and represents the
standard formulation for compressible CFD simulations of rotary machines. The
momentum transport in the flow was governed by the Navier—Stokes equations:
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p(v-V)v=—Vp+ uvp, 2)

where pressure gradients and viscous stresses determine the dynamic equilibrium
of the gas flow. These equations constitute the core framework of modern CFD
models applied to screw compressors and other positive-displacement machines.

The thermal state of the working medium was described using the energy
conservation equation:

pc, (- VT) =kVT + &, (3)

where the term @ represents viscous dissipation, accounting for irreversible
energy losses associated with turbulent motion and shear stresses. Such a formulation
is widely adopted for the numerical investigation of compressible turbulent flows
in rotating machinery.

The velocity vector inside the working chamber was defined as

v = (u,v,w), (4)
and its magnitude was evaluated using the Euclidean norm
|2 |=vVu? +v? +wi (5)

Spatial variations of velocity were characterized by the convective acceleration
term

=

a=(v-V)v (6)

which reflects momentum redistribution within the rotating flow field and plays
an essential role in the analysis of internal compressor aerodynamics.

For quantitative comparison of different rotor geometries, a volume-averaged
velocity indicator was introduced:

1 -
Vang =5 Sy 171 dV (7

allowing evaluation of global flow uniformity and serving as a representative
kinematic parameter for assessing hydrodynamic performance. The use of volume-
averaged metrics enables objective comparison between alternative rotor profiles
by reducing the influence of local flow fluctuations.

The detailed CFD flow fields reveal that Geometry A generates highly
asymmetric velocity patterns. Figure 2 shows that air entering Geometry A is
rapidly accelerated at the intake side and reaches a peak velocity midway along
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the chamber, followed by a pronounced deceleration as it exits. This accelerated—
decelerated profile creates high-speed jets near the rotor tip clearances, visible as
concentrated streamlines. In contrast, Geometry B produces a more uniform flow.
The streamlines in Fig. 2 remain evenly spaced, indicating that the fluid passes
through the chamber without strong jets or eddies. Quantitatively, the maximum
velocity in Geometry B’s chamber is about 15% lower than in Geometry A under
the same operating conditions. This smoother velocity field in B is significant
because non-uniform flow and tip leakage are known to degrade performance (Li
et al., 2025). In essence, Geometry A’s sharp profile accelerates flow aggressively,
whereas Geometry B’s rounded profile distributes flow more gradually, reducing
shear. The result is that Geometry B likely experiences less kinetic energy loss to
turbulence.

Figure 2. Particle trajectories and flow velocity distribution in the working chamber of a
three-screw compressor.

The static pressure evolution also differs. In both models, pressure rises from
inlet to outlet, but the shape of the pressure curve is geometry-dependent. Figure 3
shows that Geometry B’s pressure increase is smooth and nearly linear through the
compression stroke. Conversely, Geometry A’s pressure curve exhibits local peaks
and dips: we observe overshoots near the blowhole regions and slight plateaus
where flow recirculates (Ibraim et al., 2025, Toshov et al.). For example, at 0.7
of the compression cycle, Geometry A has a local pressure spike about 8% above
the average trend, while Geometry B’s pressure is only ~3% above its mean curve.
These spikes in A indicate flow disturbances and trapped vortices. The differences
align with literature: Shen and Guo (2025) report that higher rotational speeds
intensify compression waves and pressure non-uniformity, a phenomenon lessened
in Geometry B. In practical terms, Geometry B’s gentler pressure build-up means
a smaller disparity between maximum and minimum pressures, which reduces
vibration and improves sealing. The reduced pressure oscillations also imply lower
noise and smoother operation.
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Figure 3. Static pressure distribution in the working chamber of a three-screw compressor for profile
types A and B.

Examination of vortical flow regions further highlights contrasts. In Geometry
A, large coherent vortices form near the rotor lobes and tip gaps, as shown in Fig.
4. These vortices are identified by swirling streamlines curling back into the cavity,
indicative of flow separation. In contrast, Geometry B only exhibits small, weak
vortices at similar locations, with the flow quickly reattaching. The stronger vortices
in A cause additional turbulent mixing, which can increase entropy generation. Such
turbulence losses are known to correlate with inefficiency in screw machines (Li et
al., 2025). By suppressing these vortices, Geometry B maintains a more laminar-
like internal flow. This difference explains why the velocity distribution in B is
smoother: without large vortices draining momentum, the flow retains its forward
thrust. The vortex suppression also reduces transient instabilities. Overall, the
vortex analysis suggests that Geometry B would have lower turbulent dissipation
and thus higher efficiency, consistent with prior CFD findings in twin-screw studies.
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Figure 4. Cross sections of the working chamber static pressure distribution in the plane for profiles
Aand B.

The analysis of cross-sectional views of the working chamber (Fig. 4) confirmed
the previously identified flow patterns and highlighted significant differences
between the two rotor geometries. For Geometry A, pronounced pressure gradients
were observed near the contact region between the rotors and the casing. These
localized gradients indicate a concentration of hydrodynamic loading within
relatively small areas, which may lead to increased mechanical stress and reduced
structural durability during operation. In contrast, Geometry B exhibited a more
distributed pressure field, where pressure variation extended over a larger surface
area. Such redistribution of pressure reduces peak loading and promotes a more
uniform force distribution along the rotor surfaces, potentially lowering the risk of
local stress concentrations.

Based on the calculated static pressure field, a comparative pressure-amplitude
diagram was constructed (Fig. 5). The amplitude of static pressure oscillations in
the cross-sectional plane of the working chamber was evaluated as the difference
between maximum and minimum pressure values:

Ap = Prmax — Pmin (8)

The results demonstrate that Geometry A exhibits significantly higher pressure-
amplitude values than Geometry B. This indicates the presence of strong local
pressure fluctuations within the inter-rotor space, which are associated with
intensified hydrodynamic loading and enhanced secondary vortex activity. Elevated
pressure oscillations are commonly linked to increased energy dissipation and
flow instability in rotary compressors, particularly when geometric discontinuities
intensify local acceleration zones.
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In contrast, Geometry B (Stosic profile) shows a markedly lower pressure-
amplitude level. The smoother pressure distribution suggests a more uniform
reduction of chamber volume during rotor rotation and reduced intensity of local
pressure gradients. As a result, dissipative energy losses are minimized, and the
compression process becomes more stable. Furthermore, the more homogeneous
pressure field contributes to improved load distribution along the rotor surfaces,
which is beneficial for mechanical reliability and long-term durability.

Overall, the pressure-amplitude analysis provides quantitative confirmation
of the CFD observations. The second configuration (Type B, Stosic profile)
demonstrates a more stable hydrodynamic regime characterized by reduced
pressure oscillations, smoother gradient evolution, and improved flow uniformity.
These findings indicate that Geometry B represents a more optimal design solution
for further development of three-screw compressor rotors, particularly from the
standpoint of energy efficiency and structural stability.

Pressure amplitude (Pa)

14000
12000
10000

8000

6000

Pressure (Pa)

4000

2000

Config A ConfigB

Figure 5. Amplitude of static pressure fluctuations.

The altered flow patterns (figure 6) directly affect compressor performance.
Using the CFD results to compute thermodynamic metrics, Geometry B achieves
higher volumetric and isentropic efficiency than Geometry A. For instance, at 2000
rpm, the simulated volumetric efficiency of B is about 62%, versus 56% for A
(roughly +6 percentage points). This is a substantial gain, reflecting Geometry B’s
improved chamber sealing and reduced internal recirculation. Correspondingly, the
isentropic efficiency of B is roughly 3—4% higher than A. The torque (and hence
input power) required by B is about 3% lower for the same pressure ratio, due
to its smoother pressure gradient and weaker vortex losses. These performance
differences are in line with results reported for optimized screw designs: Wang et al.
(2021) found that a custom-designed twin-screw rotor achieved an ~11% increase
in volumetric efficiency by refining its profile. Similarly, Bianchi et al. (2021) note
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that even small clearance reductions can boost efficiency by several percent. In
summary, the quantitative outcomes confirm that the geometric modifications from
A to B yield notable efficiency improvements, validating the CFD predictions.
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Figure 6. Three-dimensional analysis of the surface contours of profiles A and B.

Directly contrasting the two designs underscores their trade-offs. Geometry
A’s aggressive profile creates higher instantaneous velocities and sharper pressure
rises, which might seem beneficial for quick filling but actually leads to larger
leakage jets and pressure pulsations. Geometry B’s moderated profile avoids these
issues at the cost of slightly slower peak speeds. The net effect is that B achieves
steadier compression. Numerically, the peak-to-mean pressure ratio in A is ~1.25,
whereas in B it is ~1.15. The tip leakage flow (calculated by comparing enclosed
volume vs. theoretical displacement) is about 7% of volume in A, versus only 4%
in B. These direct comparisons show that Geometry B has superior flow uniformity
(weaker leakage jets and vortices) and better compression stability. Such geometry-
dependent behavior has been observed in related studies: Li et al. (2025) emphasize
that internal flow unsteadiness is a key factor in compressor design. Our findings
align with this: the more even flow in Geometry B translates to measurably higher
performance metrics.

Table 1. Comparative table of computer simulation results.

Criterion Configuration 1 (Type A) Configuration 2 (Type B,
Stosic Profile)
Velocity field uniformity | Pronounced non-uniformity, local | More uniform distribution

acceleration zones
Stronger secondary vortices

Reduced intensity of secondary
vortices

Vortex activity (vorticity)

Recirculation / stagnant
zones

More pronounced Less pronounced

Pressure distribution
within the volume

Local peaks and sharp gradients Smooth pressure growth

Pressure gradient in inter-
rotor region

Steeper gradient (load
concentration)

More gradual

Potential hydrodynamic
losses

Higher (due to vortices and
pressure peaks)

Lower
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Compression process Less stable More stable

stability

Practical applicability in Requires profile refinement Consistent with industrial
compressor design profiling logic (Stosic/SRM)

Beyond performance, the results have practical design implications (table 1).
Geometry B’s smoother flow suggests that its rotor profile incurs lower mechanical
stresses and easier sealing. In practice, this means tighter tolerances on rotor
clearance can be relaxed without efficiency loss. Moreover, the less aggressive
curvature of Geometry B may simplify manufacturing and reduce risk of machining
defects. Geometry A, with its sharp cutouts, would demand stricter quality control
to avoid hot spots or leaks at the lobe tips. These considerations echo general
screw design principles (Kovacevic and Stosic, 2019). In conclusion, the CFD
results indicate that adopting the Rotor B geometry will likely yield a more robust,
energy-efficient compressor. The improved flow stability and reduced peak stresses
should enhance reliability. Future work could refine these findings by experimental
validation or by optimizing intermediate profile shapes, but the present simulation
already demonstrates the value of moderate geometric adjustments.

Conclusion. A comparative numerical investigation of two rotor geometries
for a three-screw compressor was carried out using CFD-based modelling. The
analysis of flow structure, velocity distribution, vortex formation, and static
pressure evolution made it possible to identify the key relationships between rotor
profile geometry and the hydrodynamic behaviour of the compression process. The
results clearly demonstrate that rotor shape plays a decisive role in determining
flow stability and energy dissipation within the working chamber.

The simulations revealed that Geometry A is characterized by significant non-
uniformity of velocity and pressure fields, the formation of localized regions with
intensified vortex activity, and pronounced gradients in the inter-rotor space.
Such features indicate increased dissipative losses and potential concentration of
mechanical loading on rotor surfaces, which may negatively influence long-term
operational reliability.

In contrast, Geometry B exhibited a more uniform pressure distribution along
the working chamber, reduced intensity of secondary vortices, and smoother
evolution of velocity profiles. The pressure gradients were more evenly distributed,
suggesting a more stable reduction of chamber volume and improved compression
dynamics. The reduction of local peak values implies lower structural loading and
enhanced durability of the compressor components.

Based on the obtained results, it can be concluded that the rotor profile of the
second configuration (Type B) represents a more optimal design from the standpoint
of hydrodynamic stability, pressure uniformity, and potential energy efficiency of
the three-screw compressor. The proposed approach and findings may be applied in
further optimisation of rotor geometry and in the development of next-generation
compressor systems with improved performance and operational reliability.
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