ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACDHI
YJITTBIK I bUJIBIM AKAJIEMUSICBI

Satbayev University

XABAPJIAPDI
NU3BECTUA NEWS

HAITMOHAJIBHOM AKAJIEMUH OF THE ACADEMY OF SCIENCES

HAYK PECITYBJIMKHA OF THE REPUBLIC OF

KA3AXCTAH KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

2 (458)

MARCH - APRIL 2023

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
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CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
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BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
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http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences,
Nebraska University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© K.R. Dzhabagieva', G.V. Degtyarev’, A.M. Baytelieva', S.M. Laiyk!", R.A. Pernebayeval, 2023
'Taraz Regional University named after M.Kh. Dulati", Kazakhstan, Taraz;
2Kuban State Agrarian University, Krasnodar, Russia.

FINITE ELEMENT STUDIES OF FLOW PROCESSES IN HYDROCYCLONES AND LOSS OF
HEAD-ON FLOW MIXING

Dzhabagieva Kuralai Ryskadyrovna — Senior teacher. Department "Water Resources". Master. "Taraz Regional
University named after M.Kh. Dulati". Kazakhstan, Taraz

ORCID ID: 0009-0001-6980-618X;

Degtyarev Georgy Vladimirovich — Doctor of Technical Sciences, Professor, Head of the Department "Construction
Production". Honored Builder of Kuban. Kuban State Agrarian University, Krasnodar, Russia

Baytelieva Anar Muratovna — Associate Professor of the Department of Applied Biology. "Taraz Regional University
named after M.Kh. Dulati", Kazakhstan, Taraz

ORCID ID: 0000-0001-6657-7679;

Laiyk Saule Myrzalykyzy — Master. "Taraz Regional University named after M.Kh. Dulati". Kazakhstan, Taraz

ORCID ID: 0009-0000-2370-6127;

Roza Adirbaevna Pernebayeva — Head of the Accreditation and Quality Assurance Department, Master of Laws.
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ORCID ID: 0000-0002-4586-8394.

Abstract. The economic efficiency of hydrocyclone pumping units depends entirely on the amount
of specific energy loss during the thickening of the slurry in the hydrocyclone. In many cases, head loss is
determined empirically. And this often makes it difficult to design new designs of hydrocyclone pumping
units in advance. The problem is exacerbated by the fact that the available scientific results relate to
cocurrent flows, while the hydrocyclone pumping unit flows are mostly swirling. Therefore, at the Kuban
State Agrarian University (Russia), a study was carried out using mathematical (numerical) and physical
methods based on modern hydrodynamics (Computational fluid dynamics, CFD) of mass transfer, liquid
and gas flows, as well as other flow processes. The results of the hydrocyclone pressure distribution data
obtained during the study, the average velocity of external downdrafts and internal updrafts, were used to
determine the head loss in the hydrocyclone. In general, all those issues related to head loss that have been
solved for cocurrent (axial) flows should be reconsidered from the point of view of swirling flows. The
volume of such works is very large and require huge theoretical and experimental studies. In this regard,
this work is only the beginning of a series of similar developments.

Keywords: Hydrocyclone pumping unit, head loss, co-current flow, swirling flow, external
downward flow, internal upward flow

© K.P. JI:xa6aruesa!, I'.B. lerrapes?, A.M. Baiireiuesa', C.M. Jlaiisik!", P.A. Ilepue6aena’, 2023
'M.X. lynaru atbinaarsl Tapas eHipiik yauepcuteti» Kazakcran, Tapas;
’KyGanb MEMIIEKETTIK arpapiblk yuuBepcureti, Kpacuomnap, Peceii.

Ir'maPONUKIOHIAPAATBI AFBIHABIK NIPONECTEPII IHEKTI DJIEMEHTTI 3BEPTTEY
KOHE AT'BIH/bI APAJIACTBIPY

JxabdarneBa Kypaunaii PoickaasIpkbizel — «Cy pecypcrapb» KadeIpachbIHBIH aFa OKBITYIIBICHI, Maructp. «M.X.
Hynaru ateiaarsl Tapas eHipnik yauBepcuteti» Kazakcran, Tapas

ORCID ID: 0009-0001-6980-618X;

HertsipeB I'eopruii BiaguMupoBH4 — TexXHHMKa FBUIBIMIAPBIHBIH AOKTOPHI, mpodeccop. «Kypbuibic eHmipici»
kadenpaceiHbiH  MeHrepymrici. KybaHp KanmacelHbIH eHOGK CiHipreH Kypbulbiciibichl. KyOaHb MEMIIGKETTIK arpapiibik
yHauBepcureti, Kpacnonap, Peceit

BaiitenneBa Anap MypaTkensl — «M.X. [lynartu ateiHaarsl Tapa3 eHIpIiK YHUBEPCUTET» KOJIIAHOAIEI GHOJIOTHS
kagenpaceIHbIH gouenTi, Kazakcran, Tapas k.

ORCID ID: 0000-0001-6657-7679;

Jlaiibik CayJjie MpIp3aibIKKbI3bl — Maructp. «M.X. Jlynatu aTeiHaarsl Tapa3 eHipiik yHHBepcuteTi» Kasakcran.
Tapa3

ORCID ID: 0009-0000-2370-6127;
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Poza AnupGaeBHa IlepHe6aeBa — aKkkpeIUTTEey JKOHE calaHbl KaMTaMackl3 €Ty OeJIIMIiHIH MEHrepymici, 3aH
FBUTBIMIAPBIHBIH Maructpi. «M.X. [ynatu aTeiHaarel Tapa3 eHipiik YHUBEPCHTETI» aKMapaTThIK Kyiesaep KadeapachlHbIH ara
OKBITYLIBICHI

ORCID ID: 0000-0002-4586-8394.

AHHOTAUMSA. [HUAPOIUKIOHABIK COPFBI  KOHABIPFBUIAPHIHBIH  OKOHOMHKAIBIK — THIMILIITI
TOJILIFBIMEH THAPONUKIIOH/AFBl CYCIIEH3USHBIH KOIOJIAHYBI KE31HJIErl MEHIIIKTI SHEPTUs IIBIFBIHBIHBIH
MeJiepine OainaHpICThl. KenTereH xarnaiiapaa SMIUPHUKAIBIK TYP/C aHBIKTAIAIbI KoHE Oy KebiHece
TUAPOITUKIIOHABIK COPFB KOHABIPFBUIAPBIHBIH JKaHA KOHCTPYKITMSUTAPBIH QIIBIH ajla jKobajaymbl
KHBIHAATaAbl. [ MAPOLMKIOHIBIK COPFBI KOHABIPFBICHIHBIH aFbIHIAPhl HETi3iHEH OypaiFaH aFbIHAapFa
KATBICTHI KOJIIa Oap FRUIBIMU HOTHXKENEp mpoOieMaHbl KublHAaTaasl. CoHnbIKTaH KyOaHh MEMIICKETTIK
arpapislK yHEBepcuTeTiH e (Peceit) Macca anmacyIblH, CYHBIK JKOHE ra3 aFbIHIapbIHBIH, COHIal-aK 0acka
Jla aFBIHAAPIBIH 3aMaHayd TuapoauHamMukachkiHa (EcenTik cyHBIKTHIK muHamukacekl, CFD) Herizgenren
MaTeMaTHKAIBIK (CaHIBIK) XoHE (DM3HMKAIBIK SJIICTepAl KOJIaHy apKbLIbl 3epTTEY XKYpri3uiai. 3eprrey
OapbIChIH/IA AJIbIHFAH THAPOLIMKIIOH KbICBIMBIHBIH Tapaly I€PEKTePiHIH HOTHKEIIEP1, CBIPTKBI TOMEH KOHE
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AHHOTaIUs. DKOHOMUYECKas! 3P PEKTUBHOCTh TUAPOITUKIOHHBIX HACOCHBIX YCTAHOBKAX BCEIIEIIO
3aBHCUT OT BEJIMYMHBI MOTEPU YIEIBHOW SHEPTUU TPU CTYIIEHHU THIPOCMECH B THAPONUKIOHE. Bo
MHOTHX CIy4asX IOTEPU HAIopa ONPEACISIOT OMBITHBIM IyTeM. A 3TO YacTo 3aTpyIHSCT 3apaHee
CIPOCKTUPOBATH HOBBIE KOHCTPYKIIMU THPOIMKIOHHBIX HACOCHBIX ycTaHOBOK. [Ipobnema ycyryobmsercs
elie TeM, YTO WMEIoIUecs HaydHbIe pe3yJbTaThl OTHOCATHCS K TMPSIMOTOYHBIM ITOTOKaM, TOT/IA Kak
TUIPOIIMKIIOHHON HAaCOCHOW yCTaHOBKE TEUCHHS B OCHOBHOM 3akpydeHHBIC. [loaTomy B KybOaHckom
rOCy/IapCTBEHHOM arpapHoMm yHuBepcurtere (Poccus) mpoBommiachk uMcCleIOBaHHE C UCIOJIb30BaHHEM
MaTeMaTHYeCKUX (YMCICHHBIX) U (PU3HMUECKUX METOJOB, OCHOBAHHbBIC Ha COBPEMEHHON TMIPOJAMHAMUKE
(Computational fluid dynamics, CFD) maccaoOMeHa, TOTOKOB J>KMIKOCTH M Ta3a, a TaKXKe IPYrux
MPOIECCOB MOTOKA. Pe3ynbTaThl JaHHBIX PACIIPEICIICHUS TaBIICHHUS B THIPOLUKIIOHE, IOJIYICHHBIX B XOJI€
UCCIICJIOBAHUS, CPEIHSIS CKOPOCTh BHEUIHMX HHUCXOMSIINX M BHYTPEHHUX BOCXOZSIIUX ITOTOKOB,
UCIIOJIb30BAITUCH JIJIS OTIPEJIeNICHHS IIOTEPH HAopa B TUAPOIUKIOHE. BooOIie Bee Te BOPOCHI, CB3aHHbIE
C ToTepeil Hamopa, KOTOpPbIE HAIDIM pPEHIeHHWs s MPSIMOTOYHBIX (OCEBBIX) MOTOKOB, CIEIAYET
MIEPECMOTPETH C TOYKH 3PEHUS 3aKPYYECHHBIX MOTOKOB. O0BhEM TaKkuX pabOT oYeHb OOJBIION U TPEOYIOT
MIPOBEJICHHUST OTPOMHBIX TEOPETHYECKUX M SKCIICPUMEHTAIBHBIX HCCIICZ0BaHUN. B 3TOM IlaHe AaHHAs
paboTa SIBISIETCS TOJBKO HAYaIoM IIeNI0H ceprH MoJ00HBIX pa3paboToK.
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KuroueBble ci10Ba: THIPOIMKIOHHAS HACOCHAS YCTAHOBKA, TOTEPH HATIOPA, MPSMOTOYHBIH TOTOK,
3aKpy4YEHHBIN MOTOK, BHEIIHUM HUCXOAIIUN MOTOK, BHYTPEHHUM BOCXOIAIINAN MTOTOK

Introduction

One of the important issues in the hydraulics of hydrocyclone pumping units is the determination
of the loss of specific energy (head) in the hydrocyclone (Abduramanov, 2011).

The hydrocyclone as a classifying (thickening) apparatus is a short, hollow cylindrical-conical tube,
which has found wide application in almost all industries (Imanaliyev et al., 2022). The field of application
of hydrocyclones over the past decades has been expanding even faster due to the creation of a new class
of vacuum hydrocyclone pumping units (Abduramanov et al., 2006).

A hydrocyclone is an apparatus in which the classification of slurries into constituent components
or thickening of the solid phase is carried out (Abduramanov et al., 2000).

In hydrocyclone installations, many technological processes can be carried out (Gutman et al.,
1983): classification of homogeneous particles by size, separation of slurry by elements (phases) into two,
three or more products;

solid phase thickening, liquid purification from mechanical impurities, separation of slags from
non-ferrous metals and others.

In order to perform these processes efficiently in hydrocyclone pumping systems, the head loss
must be known (Idelchik, 1975).

The investigated hydrocyclone has the following design characteristics (Zhurba et al., 2003):

— the inlet branch pipe of the hydrocyclone chamber is located perpendicularly relative to its
longitudinal axis;

— sand pipe - single-product;

— hydrocyclone chamber — cylindrical-conical;

— drain pipe — solid, single.

The geometric characteristics of the hydrocyclone installation are shown in Figure 1.
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236 ’
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110

295

Figure 1 - Geometric characteristics of the hydrocyclone installation
To study the structural characteristics of the hydrocyclone (Computational dynamics fluid, CDF)
(Kryazhevsky et al., 2000), its 3D model based on the above geometric characteristics was developed in
the software package. The result of which is shown in Figure 2.
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Figure 2-3D model of the hydrocyclone

By means of mathematical modeling in the FlowVision software package, a computational finite
element mesh was modeled, which makes it possible to obtain the hydrodynamic characteristics of the
hydrocyclone under study during the calculation (Kukolevsky et al., 1981). The result of which is shown
in Figure 3. At a pressure at the inlet to the hydrocyclone chamber equal to 70 cm of water column or
6864.2 Pa.

Also represented is the movement of the fluid, expressed as a flash of speed. The result of which is
shown in Figure 4.

Figure 3 - Calculation mesh of finite elements
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Figure 4 - Fluid movement expressed as a flash of speed
The data on pressure distribution in the hydrocyclone chamber are expressed by filling pressure

and are presented in Figure 5.
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Picture 5 - Filling from pressure
For a detailed analysis of the hydrodynamic characteristics, graphs of pressure and velocity
modulus are presented (Fig. 6). These graphs were built in sections, the beginning of which is taken from
the drain pipe.
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Figure 6 - Graphs of velocities in the section at around 20, 175.225.275 mm
When determining the head loss of a hydrocyclone, the velocities of the internally ascending and
externally descending flows were used based on the hydrodynamic parameters of the hydrocyclone at a
level of 275.00 mm (Fig. 7).

vV, m/c

160 max 9

0 W 00855

-0.54 min 4 l....I'

Figure 7 - Graph of speed at around 275.00 mm

The speeds obtained by mathematical modeling and the distribution of pressure in the hydrocyclone
chamber are more consistent with the parameters obtained experimentally. Therefore, the above features of
the flows in the hydrocyclone will be used in determining the head loss (Kiselev et al.,).

Head loss due to flow mixing

This type of pressure loss occurs in the conical part of the apparatus, where the movement of each
of the flows occurs with a variable flow rate along the path (Salakhov, 1968).

Consider two sections, I-I and II-II, separated from each other at a distance, for a time Af = 1c
interval . Then, based on the theorem on the change in momentum, we have (Ternovsky et al., 1994):

p(aznga)z —algzlzcol): F (1)
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where, gzl , gzz — average values of axial speeds, respectively, in sections I and II;

, , @, — cross-sectional area, respectively, in I and II sections;
© — liquid density;
F — total acting force.
Without taking into account friction forces @, = &, = 1and with expression (1), it has the form
(Bradly, 1965)
pgi W, — pS; W, = P, — P, 2
where, p,, p,— average pressure values, respectively, in sections I and IL
As is known for rotational motion (Svarovsky L.,1977)
dh 9,
—=—, 3)
dr gr
where, §,— tangential speed;

r — arbitrary radius.
Substituting the values into this equation and integrating it, you can get the head loss over

a given section (piezometric head increment). Let us determine the head loss separately for the downward
and upward flows (Abdiramanov et al., 2016):

1a) for the downstream, we rewrite formula (2) in a different form
2 2
plgz“,a)zH - plgz,,,a)lH = PiuOry — Pru@rys 4)
where the indices 1H and 2H- refer to the downward flow in sections I and I (Abduramanov, 1987):
if we assume that pressure is the sum of its piezometric and centrifugal components, then

Py = pghy, + pgh ®)
Py = PEh, — pgdz+ pgh, ;. (5Y)

For determination 4,,,, we integrate equation (3) with a known value 9, ,

TH !
3€9H :Lg‘ﬂcr 7

Within the change of dr from rw to rc, the height dh changes from h1H to hlc, therefore, from
equation (3) (Sun et al., 2020)

Iy 92 r 2n 32 [2”
]1 —]1 = P | TH df: Per u _1 ’ 6)
1H 1uH ;|. gr ([J 2g11 I.j/n (
92 I,Zn
or b — b P u _1 '

197/:4 1H 2gﬂ(rjn

2 2 an
Differently blzzH — blH 4 70a P

2n
2gn 2gnr,
where rc is the radius of the cyclone in the given section;
— near-wall tangential velocity;

rw is the radius of the Abduramanov quasi-surface.
Knowing that (Wang et al., 2018 )

Z m
o, =09z, (1 - ;) ; (7
I, =kz+r1,,;
and r, =kz+r,=k(z-a)+r,
where, K =tga;K, =tgf

we rewrite formulas (5) and (5°) in the form
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9 kz+r
]1 +252 nec nec _1 : 8
Py = pgl: 2g( j(kzl+1‘ J:I (3

2
Py = pg{b}, — dh,, +25? ‘Zﬂw (1 i dzj( Mz+di)+r,, 1}} . )

g T N\ kl(z+d?)+r,
The cross-sectional areas of the external (peripheral, external) flow are determined from the
equality: Oy = 17(rj - r; ); )

@, = M2 - 12). 9

The average values of axial velocities in these sections will be:

— zZ
9z, = SW( T] ; (10)
9., = 5;(1 - Z+szj- (10)

Substituting values p,, ])2,1922]1,601 y »®,, into formula (4) and carrying out a series of

transformations at (@, , = @,,, =®,;) P, — Poy = LA, you can write:

3 dz
d]]H HE‘C ,
g T
From where, after integration, we get (Haicai L. V., and et all, 2018):
228,
by, =25 O,
T 20 g
then Z=0, head loss /41,,, = 0, so the constant of integration C=0, means
2z 9z, 92
hH é/uec ’ (1 1)
T 2g 2g
2
where, C e = =z
T,
1b) for the upward flow, formula (2) takes the for
p]Ba)]B_sza)2B = plgézya)ZB _plgélga)lzz (12)

where, py, = pgh, + pgh,
h, is determined by integrating formula (3) with (Ibrayev T.T., and et all, 2022).

r, !
3, = Sw(—j (13)

means

32 r2n
plB =pg ]13+2_;;](#_1) +pc3’ (14)

where 3, - tangential velocity of fluid particles on the line of zero axial velocities [22, b.335],

o —ag[ B )
k)
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1 R r,+kz
=pgi b, +— A Y ——| =" 1|, 15
P ,og{ " 2en ", +ke, ( r, j} (13)
R -+ d
b, = pelh —dh +—— £ C— rorzvdr) || (15"
2gn I, + l((ZB + dZB) I,

By analogy with the external flow, and the areas of the internal (paraxial) flow in sections I and II,
respectively, are equal to:
2 2
o, = 2 - 12 );

_ 2 2
W,, = IY(rW2 — I, )

The average values of the axial velocities of the internal flow in sections I and II are equal.

N\ 2n
— — [ z
%5 (2)

B

. “\2n
— — [ z+dz
9;B:9g(_ig——j |

B

Substituting  values p,,, p,,,®,,,8, .8, in (12) and, as before, the gently sloping
k= ka(a)lg = 0)23),11 =0.5, p, = p,, = pgdh, find:

dh, = ﬁgfﬂd_z.

pg A,
2z 9.
From where, after integration, we get A, = 22 Va0
h 2g
If Z— 0 head loss /4,, = 0, hence the constant of integration C=0.
Means
27 9 3
h, === =g, e (16)
h, 2g 28
z z a
where, g =2—=2| ——-—
ok By (hm th

The total pressure loss for mixing the flow in the conical part of the hydrocyclone
__229;C+2zf9;

bwc = bWH + bWB
- T 2g h 2g
9’ 9’
or bwc = guec o +§!/VB = *
- 28 28
Since intensive mixing occurs precisely in the conical part, where z— H,, z— A, then finally
we have
9, 9} 9 +9
hw'c' — 2 Znne + 2 Zcc — 2( Znne Zcc (17)
2g 2g 2g

The results of determining the pressure loss for mixing the flow in the conical part of the
hydrocyclone based on the data of experimental studies are shown in the table (Table 1) and plots are plotted

(Fig. 8).

Table 1 - Definitions according to the formula for the loss of pressure for mixing the flow in the conical part of the hydrocyclone.

Ne 9 9 h 92

ZKKY zaak w.ap ZKKY

+ lgéaak
2g

Experimental data of A. Abduramanov
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1 1,33 0,97 0,2765 0,14
2 1,35 1,11 0,31169 0,1557
3 1,39 1,40 0,397 0,198
4 1,41 1,86 0,555 0,278
Experimental data of A.I. Zhangarin
5 2,39 1,39 0,780 0,389
6 1,41 1,08 0,32 0,16
7 0,71 0,54 0,081 0,04
Experimental data of K. Zhabagieva
8 0,27 0,8 0,073 0,0364
9 0,40 1,2 0,153 0,082
10 0,54 1,6 0,29 0,1455
hw.ap
0,45
0,4 7
0,35
0,3
; = 1,2,3,4 [23]
0,25 TH = 5,6,7[24]
0,2 ¥
’ & £8.9.10
0,1
A
0905 /; 9 192 32
8 Zxxy + Zaax
0 2g
0 0,2 0,4 0,6 0,8 1

2+’
Figure 8 - dependency graph hw'ap =f (%
g

As you can see (Fig. 8) & the pressure loss for mixing the flow in the conical part of the hydrocyclone

w.ap
(SZZKK)/ + LQZZaaK J
depends on the speed 2— downstream and upstream.
g

Conclusion

To study the structural characteristics of the hydrocyclone (Computational dynamics fluid, CDF),
its 3D model based on the above geometric characteristics was developed in the software package.

Using mathematical modeling in the FlowVision software package, a computational finite element
mesh was modeled, which makes it possible to obtain the hydrodynamic characteristics of the hydro cyclone
under study during the calculation. Also represented is the movement of the fluid, expressed as a flash of
speed.

For a detailed analysis of hydrodynamic characteristics, graphs of pressure and velocity modulus
are presented.

In determining the head loss of a hydrocyclone, the velocities of internally ascending and externally
descending flows were used based on the hydrodynamic performance of the hydrocyclone at a level of
275.00 mm.

As a result, a formula was found for determining the pressure loss when mixing flows, based on
the experimental data, the pressure loss in the hydrocyclone was found, and a dependency graph was
constructed.

The results of our study will be used in the study of energy issues in the use of hydro cyclone
pumping units. The formula for determining the head loss during mixing flows will be used by researchers
in the study of head loss in various designs of hydrocyclones and hydrocyclone pumping units.
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The results of our research can be used to determine the pressure loss in new hydro cyclone
pumping units, filter cyclones, filter cyclone pumping units, vacuum hydro cyclone pumping units, single-
surface and double-surface vortex jet apparatuses, hydro cyclone-jet apparatuses.
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