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B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuUManue brnarorBopurenbueli  GoHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUYECTBEHHOMY OOpa30BaHMIO,
@DoH1 BHOCUT CBOW MOCWJIBHBINA BKJIaJ B Pa3BUTHE KAuCCTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHcia JIIOAEH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydleMy — NpodecCHOHAIOB B pa3IMuHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6nzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHIE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. [y noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI TPAaHTHI Ha 00yueHue B MextyHapoIHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmxkHoM kKoHkypce «USTEM Robotics» B CIIA. Aropckue
paboTsI B pamkax npoekTa « Tamimrepy», koropomy DoHJ 0Ka3ail NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3HEecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIe/Ked u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyaylIMX MOKOJICHMH Ka3axcTaHieB. [Ipu momnepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHo#il MHMUIMATHBOM CTaJl peaau3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl U3 BocbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
PaMOTHOCTH M IPEAIPHUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peJakTOpABIH OpbIHOacaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1eci, Ph.D GHoXuMus jKoHE MOJIEKYIAbIK TeHETHKA calachl OOMbIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyinran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), mpodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3€PTTEY OPTabIFBIHBIH 0ac FHUIBIMI
kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/ibl, Ononorus reUIbIMAApPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axangemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, Texuuka rFbUIbIMIapbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIeKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPEI, Ipodeccop, KP YFA akamemuri,
«PERSONAY xaJbIKapasblK KIMHUKAIBIK PENPOLYKTONIOTUsl OPTANIbIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Oronmorus FbUIBIMAAPBIHBIH JOKTOpBL —mpodeccop, UYysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipartkepi, «UyBarl MEMJICKETTIK arpapiiblK YHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OinmiM Oepy Mekemeci AKYILIEpIK oHE Teparus KaeIpachIHbIH MEHIEpYILICi,
(Yebokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap)i yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibrpic
MEIUIMHACKI KOJUTe/KiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsexcanipoBHY, MEIHIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIM/IBI MaTepUaIap/bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MenuimHa yHUBEPCHTETIHIH
(bapmanepTika daxyasTeTiHiH AekaHsl (JIoomin, [onsma), H =22

BAUMYKAHOB [lacran Acbl10eKy.ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBI, KP ¥FA koppecrnon-
JIeHT Myleci, "Mail mapyanibuibFbl KoHE BETEpUHAPHS FhUIBIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSAHY Uon MuxaiisioBuy, (hr3nka-MareMaTika FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Mosjosa Futbiv
AKaJIeMISICBIHBIH TIpe3uaeHTi, MolioBa TexHUKaIBIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusinbik xoHe sSaposblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarsl, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIaporbIk FeuibiMaap HHCTHTYTH! (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:kaHy/bl, (U3MKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢uzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yausepeureTi (Anmarsl, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiiioBuy, (r3ika-MareMarnka FhUIBIMIAPBIHBIH JOKTOpbI, YKkpanHa YFA
akazemuri, KoinanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpanna), H =15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTeMaTHKa FHUIBIMAAPBIHBIH JIOKTOPBI, mpodeccop, KP ¥YFA
axagemuri, on-Papabu aremHpars! Kazak yiTTeik yHuBepeuteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FBUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axagemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasaxcran), H= 10

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FbUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akazemuri, an-Oapadbu  arsiaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H= 12
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TOKJAJIBI 2024 ¢ 1
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akagemuk HAH PK, mupexrop
MemuumHckoro neHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASYA KOJJIET US:

PAMA3AHOB Tiekkaya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOpA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, wWieH-KopPeCoHIeHT
HAH PK, Ph.D B obnact OHOXMMUM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaitbHblil aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocoduu (Ph.D, Gnoxnmusi, arpoxumus), mpodeccop, IIaBHbII HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
EBpasuiickuii HarmoHanbHbli yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydart, noxrop TexHIYeCKHX Hayk (Omoxumins), mpodeccop, 3aBemyronmii xkadenpoi «OnTHmMusarms

XUMHYECKOW M OHOTEXHONIOTHYECKO anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOTHYECKUIA HHCTH-
TyT (Cankr-IlerepOypr, Pocenst), H = 14

JIOKIIIUH Bsiuecia HoranoBu4, JTOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropseBud, JOKTop OHOJIOrMHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN IeSTelb HayKH
Yysarckoii PecryOnuku, 3aBeyroriiiii kadeapoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTebHOE YUPEKICHHE BBICIIErO oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBINH arpapHbIil
yausepcute» (Yebokcapsl, Uysarickas Pecrryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Kortemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (HaKyisTeT Boc-

TOYHOM MeaniIHbl YHuBepeuTera Xamuapaa (Kapaun, [Takucran), H=21

MIENETKHWH Hrops AnekcaHApoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Isetpo, roxrop dunocoduu (Ph.D, dusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaio (Pum, Utamms), H =26

MAJIBM AnHa, 1oKkTOp (hapMareBTHUeCKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJIMIMHCKoro0 yHuBepeuTera (JIro6mun, [Monbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECIIOH/ICHT
HAH PK, maBHblil HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJCTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapmin (Hyp-Cyiran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBu4, 10KTOp (GU3MKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaIeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monoss! (Kuinxes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUUECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Cobcreennnk:  PecryOmikaHckoe  oOmiecTBeHHoe oObenuHeHne «HarmoHanbHas akajgemust Hayk  PecryOmukn
Kazaxcran» (r. Anmarsl). CBUIETENIBCTBO O MOCTAHOBKE HA Y4YET NEPHOIMYECKOrO eYaTHoro u3nanus B Komurere un-
opmarmi MuHKCcTepeTBa HH(OPMALIHHU U 001IecTBeHHOTO passuths Pecriyonmku Kasaxcran Ne KZ93VPY00025418,
BbllaHHOE 29.07.2020 1.
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Abstract. The paper presents the results of Reynolds-averaged Navier-Stokes
(RANS) model calculations of non-isothermal turbulent flow of a viscoplastic fluid
in a pipe. The Reynolds stress model (RSM) was used to simulate turbulence. The
results of calculations of Newtonian and non-Newtonian fluids were compared
with the data of direct numerical simulation (DNS) calculations of other authors.
The calculated data of the RSM showed a significant anisotropy of the axial and
radial velocity fluctuations (up to several times) and good agreement with the DNS
data of other authors. Incorporating supplementary runoff and source terms into
the transfer equations for both averaged and turbulent flow characteristics results
in a more accurate alignment with the DNS calculations regarding the distribution
of turbulent non-Newtonian flow properties. The results of calculations of non-
isothermal turbulent flow show the transition of a Newtonian fluid to a viscoplastic
state. An increase of turbulent kinetic energy in the flow core and attenuation in
the zone of yield stress manifestation are obtained. The averaged and fluctuation
profiles express the indicated transformation of non-isothermal turbulent flow.

Keywords: non-isothermal turbulent flow, viscoplastic fluid, RANS, Reynolds
stress model, non-Newtonian fluid

Acknowledgements. This research has been funded by the Committee of Science
of the Ministry of Science and Higher Education of the Republic of Kazakhstan

79



ISSN 2224-5227 1.2024

(Grant number BR20280990 for 2023-2025) and The Ministry of Science and
Higher Education of the Russian Federation (mega-grant 075-15-2021-575) (the
RSM turbulence model).

© M. IIaxomos!, Y. ’Kan6acoaes?, I. Pamazanosa®’, 2024
'"PFA Cb C.C. Kyrarenanze arsianars! JKbLUTypH3nka HHCTUTYTHI,
Hosocubupck, Peceid;
2Axanemuk O.A. XKongacGekoB arbiHIarsl MexaHUKa )KOHE MalllMHATAHY
UHCTUTYTHI, AnMatel, Kazakcras.
E-mail: gaukhar.ri@gmail.com

KYBBIPJATBI TYTKBIP-IIJIACTUKAJIBIK
CYUBIKTBIKTBIHU3OTEPMUSLIIBIK EMEC TYPBYJIEHTTIK
AFBICBIH ECENITEYTE APHAJIFAH PEMHOJIBJAC KEPHEYI MOJEJI

MaxomoB M. — ®usnka-mMareMaTvika FHUIBIMAAPBIHBIH JOKTOpBI, mpodeccop, Peceit Frutbim
akagemusicblHbIH Cibip Oemimmreciniy C.C. Kyrarenanse atbianarsl JKpiTyu3uka HHCTUTYTHIHBIH
Oac FeUTBIME KbI3MeTKepi, HoBocubupck, Peceit

E-mail: pakhomov(@ngs.ru, https://orcid.org/0000-0002-8127-3638;

Kan6acoaeB ¥. — TexHUKa FEUIBIMAAPBIHBIH JOKTOPEL, Tpodeccop, Akagemuk O.A. KommgacOekoB
aTBIHIAFrel MeXaHHWKa JKOHE MallMHATaHy HWHCTHTYTBIHBIH Oac FBUIBIMH KBI3METKEpi, AJIMATEHI,
Kazakcran

E-mail: uzak.zh@mail.ru, https://orcid.org/0000-0001-5973-5149;

Pama3zanoBa I. — ®usnka-maTeMaTrka FeUTBIMAAPBIHBIH KaHAUATH, AKanemMuk O.A. XKongacOekoB
aTbIHIAFrel MexXaHuKa jKOHE MAlllMHATaHy WHCTUTYTHIHBIH KETEKIi FHUIBIMH KbI3METKEpi, AJIMATEHI,
Kazakcran

E-mail: gaukhar.ri@gmail.com, https://orcid.org/0000-0002-8689-9293.

AnHoTauus. byn mMakanana KyObIpJarbl TYTKBIP-TIACTUKANIBIK CYHBIKTBIKTBIH
H30TEPMUSUIBIK eMec TypOyneHTTi arbIHBIHBIH RANS ecenteyiepinin HoTHXKenepi
Oepinren. Peitnonbac kepeyi moneni (RSM) typOymeHTTiINiK Monenpaey yIIiH
nainanansuiel.  HplOTOHABIK koHe HBIOTOHABIK eMec  CYHBIKTBIKTap.Ibl
ecenTey HoTmxenepi Oacka aBtopiapaslH DNS ecenTeynepiHiH aepekTepiMeH
casbIcTRIpbULABI. RSM ecenrtenren gepeKkTep OChTIK )KOHE pafnaliibl KbIIIAMIBIK
ayBITKYJIAPbIHBIH eJieyl aHM30TponusichiH (OipHelle ecere AediH) >koHe Oacka
aBropuapasly DNS nepexrepiMeH jKakchl CoMKecTiriH kepcerTi. Oprama jKoHe
TypOyJIeHTTiI afblH KacHeTTepiHe apHaJFaH TachbMajjay TeHJIeyJepiHe arblH
XoHe Oactay OOMBIHIIA KOCHIMILIA LIAPTTapAbl €Hrisy TypOyneHTTi HbIoTOHABIK
eMecC arblH KacHeTTepiHiH TapanxyblHa KaTeicThl DNS ecenreynepimMeH jkakchlpak
Kemicimre okenei. M30TepMHsIIBIK eMec TypOyIeHTTi aFbIH/IbI €CENTEY HOTHKeNepi
Hp10TOH CYHBIKTBIFBIHBIH TYTKBIP-TUIACTHKAJIBIK KYHTE 6TY1H KopceTeli. AFbIHHBIH
SOPOCBHIHAA TYpOYIEHTTIK KHHETHKAJBIK OJHEPrHSHBIH JKOFapblIaybl JKOHE
aKKBIIITHIK KepHeYyiHiH OalKaly aiiMarbIHIa OHBIH OachuTybl OpbIH ajibl. Opraiua
KOHE MYNbCAMSIIBIK MPOQMIBIACP NU30TEPMHSUIBIK €Mec TypOyJeHTTI aFbIHHBIH
KOpCETUIreH TyplieHyiH Oinnipeni.
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AnHoTaums. B crarbe mpeacTaBieHsl pe3yasTaTthl pacdeToB RANS HensoTep-
MHYECKOTO TYpOYJEHTHOTO TEUYECHHSl BA3KOIUIACTUYHOW JKHAKOCTH B TpyoOe.
Jg MonenupoBaHus TypOYJEHTHOCTH HCIIONb30Bajach MOJETh HampsKeHUH
Pefinonbpica (RSM). Pesynmberarel pacdeToB HBIOTOHOBCKOH W HEHBIOTOHOBCKON
)KI/IILKOCTGI\/'I CpaBHUBAJIMCh C JAaHHBIMU TIIPAMOTO YHCJICHHOTI'O0 MOACIUMPOBAHUA
(DNS) npyrux aBTtopoB. Pacuetnwsie mamHeie RSM mokaszamy 3HAYUTEIHEHYIO
AQHM30TPOIIMIO OCEBBIX M PaJUalbHBIX (IYKTyallii CKOPOCTU (IO HECKOIBbKHX
pa3) m xopomee comacue ¢ gaHHeIMH DNS npyrmx aBtopoB. Brmrouenwe
JIOTIOJTHUTENBHBIX YCIOBHM CTOKAa M HMCTOYHMKA B YpaBHEHHS IepeHoca JJis
OCPETHEHHBIX U TYpPOYJICHTHBIX XapaKTEepPUCTUK IIOTOKA MPHBOIUT K Ooiee
TOYHOMY COTJIacOBaHHUIO ¢ pacdyeramu DNS B gactu pacnpeneneHus TypOyIeHTHBIX
HEHBIOTOHOBCKHMX CBOMCTB TIOTOKa. Pe3ynabTaThl pacueToB HEM30TEPMUUECKOTO
TypOyJIEHTHOTO TOTOKa CBUJETEIHCTBYIOT O TEPEX0/ie HbIOTOHOBCKOW KHUIKOCTH
B Bs3KOIUIacTHUecKoe cocrosiHue. I[lomydeHo yBenuueHue TypOyJaeHTHON
KUHETUYECKON S3HEPIMH B SIIPE TOTOKA U 3aTyXaHUE B 30HE ITPOSIBIICHNS HAIIPSKEHUS
TexkyuyecTH. OcpeqHEHHBIC U MyIbCAMOHHbBIE TPOQMIN BBIPAKAIOT YIIOMSHYTYIO
TpaHc(hopMaLUIo HEN30TEPMUUECKOTO TypOYyJIEHTHOTO TOTOKA.

Ki1roueBble c10Ba: HEM30TEPMUUIECKOE TYpOYJIEHTHOE TEUCHUE, BI3KOILUIACTH-
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YHas JXUAKOCTb, YPaBHCHUS HaBLC—CTOKCa, OCpe,Z[HéHHBIe o PeﬁHOJ’ILI{CY, MOJIECIIb
HaHpSDKCHI/Iﬁ PCfIHOHLZ[Ca, HCHBIOTOHOBCKaAs KUJKOCTb

Introduction

Turbulent non-Newtonian fluid (NNF) flows are encountered in various
engineering applications, in particular in pipeline transportation of viscoplastic
(waxy) oil (Zhapbasbayev et al., 2021). Turbulence anisotropy, wall effects and
stratification are characteristic of non-isothermal flow of a viscoplastic fluid and
present difficulties in modeling.

Direct numerical simulation (DNS) and large eddy simulation (LES) are the
main methods for studying non-Newtonian fluid (NNF). There are known works
by LES (Gnambode et al., 2015), DNS (Gavrilov & Rudyak, 2016 a; Rudman &
Blackburn, 2006; Rudman et al., 2004; Singh et al., 2017 a; Singh et al., 2017 b)
on the study of turbulent power-law, viscoplastic and pseudoplastic non-Newtonian
fluids. The results of average and fluctuations axial and radial velocities, wall
friction and turbulent kinetic energy were obtained at Reynolds numbers Re from
5000 to 20000. Note that LES (Gnambode et al., 2015) and DNS (Gavrilov &
Rudyak, 2016 a; Rudman & Blackburn, 2006; Rudman et al., 2004; Singh et al.,
2017 a) dealt only with Buckley-Herschel fluids, and only the recent work (Singh et
al., 2017 b) presents DNS prediction data for a viscoplastic yield stress fluid.

The high computational cost of the DNS model for predicting turbulent flows
of viscoplastic fluids makes the RANS+RSM approach the viable alternative for
engineering applications. Research into RANS modeling of wall effects on turbulence
has seen significant progress since the seminal work of Durbin, 1991. This paper
examines the effect of wall blocking using the elliptical relaxation method. Durbin
presented a new rationale for modeling heterogeneity in the “pressure-strain” term.
In a later paper (Durbin, 1993), Durbin successfully applied the second moment
full closure procedure to a wide range of canonical flows. However, this resulted
in an inordinately large number of equations, since there was a separate elliptic
equation for each Reynolds stress. On the other hand, simple turbulence models
could not adequately capture the anisotropy of turbulence compared to complete
second moment closure (SMC).

Manceau & Hanjalic, 2002 developed a practical model to solve both wall
blocking and anisotropic effects with a single elliptic relaxation equation for a full
Reynolds stress model. There is already evidence in the literature of successful
application of the model in various applications (Thielen et al., 2005, Fadai-Ghotbi
et al., 2008). These studies mainly concerned flows without heat exchange. The
RSM model was also applied to forced convective heat transfer and generally gave
good agreement with experimental results (Manceau & Hanjalic, 2000; Behnia et
al., 1999).

Several papers have dealt with the study of heat transfer in turbulent NNF
(Masoudian et al., 2016; Masoumi et al., 2019; Yigit et al., 2020). Turbulent flow
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studies with viscoelastic polymer flow have been investigated (Masoudian et al.,
2016). In (Masoumi et al., 2019), a numerical study of the natural convection of
a Schwedoff-Bingham (SB) fluid between horizontal concentric cylinders was
carried out. DNS study of the velocity and temperature spectra in Rayleigh—Benard
convection was carried out in (Yigit et al., 2020). The authors showed that thermal
convection weakens with increasing Rayleigh number.

In our work we consider axisymmetrical RANS modeling of turbulent non-
isothermal flow with yield strength of a viscoplastic SB fluid. The turbulence of the
fluid is modeled using RSM model. The novelty of the study is the transformation
of the turbulent flow of a Newtonian fluid into a viscoplastic state due to heat
transfer with the surrounding medium

Mathematical model

Physical Model of a Non-Newtonian Viscoplastic (Schwedoff-Bingham) Fluid

A schematic view of the flow configuration is shown in Figure 1. Anon-isothermal
viscoplastic non-Newtonian fluid (waxy crude oil) flow along an underground pipe
with an inner diameter (I.D.) D= 2R = 0.2 m, length L = 3 m, and depth to pipe
axis H = 2 m. The mean-mass velocity of the liquid flow at the pipe inlet was U |
= 0.2 m/s and its initial temperature 7|, = 298 K. The ambient temperature (soil)
was T, = 273-298 K. The pipe material was stainless steel and the pipe wall
thickness 0 = 2 mm. It was assumed that the temperature of the pipe wall from its
outer side was equal to the soil temperature 7, = T . The temperature of soil was
a constant value. The density of fluid flow in the inlet cross-section p, = 835 kg/m’.
The Reynolds number of the flow, determined from the flow parameters at the inlet
(for a Newtonian fluid) Re=U D /v, = 8200.

* Tsoil
A :L\_\\I\_\\_ 1\\_\ \:t:\_\\T \\\;T\.\ \T\ \\\I \‘,\T.,\' i
PLULT, Heat e e R
! 2
Heat IR, T = g__.-..___.--
o s -

i 7|
o
-

-
| =l !
-

-

N’
L

 wall 5
-l

w2 i

Figure 1 — Scheme of non-isothermal flow of paraffinic oil in a pipe:

1 — Newtonian fluid flow area; 2 — area of flow of the Schwedoff-Bingham non-Newtonian fluid.

Rheological Properties of a Non-Newtonian Fluid

In a non-Newtonian viscoplastic state, the effective molecular viscosity u . can
be modeled using the linear Schwedoff-Bingham rheological fluid model (Gavrilov
& Rudyak, 2016 b; Finho, 2003). The effective molecular viscosity Moy of a fluid
has the form
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+7, '4, if |7|> 7,
{u i i[>, "

. b
00, if |r| <7,

Here 7, is the yield stress and u, is the plastic viscosity, |T| =/7;7; is the
second invariant of the deviatoric stress tensor, y =,/2S S, is the shear rate,

U,

oU .
Sij = 0'5(6_ + a_JJ is the shear rate tensor.
X; X;

1

The effective molecular viscosity of the non-Newtonian fluid in turbulent flows
depends not only on the average turbulent velocity of the flow, but also on fluctuations
of the shear rate tensor (Gavrilov & Rudyak, 2016 b). The instantaneous value of
viscosity is represented as a sum of the averaged and fluctuational components. The
expression for the mean shear rate in the non-Newtonian fluid has the following
form and consists of two terms. Let us the average value of the molecular viscosity
is related to the average value of the shear rate such as the same rheological
relationship as for the instantaneous quantities (1). Then, the expression for the
averaged shear rate can be written as (Gavrilov & Rudyak, 2016 b):

() =2(S,XS,)+ (o) ) where (s ) =c ()4, @

The main difficulty in the numerical modeling of viscoplastic flows, including
a turbulent regime, with the help of expression (1), is associated with the existence
of a singular molecular viscosity in regions where the shear stress is less than z,.
The approach of (Papanastasiou, 1987) was used in this work, where the effective
viscosity was approximated by the following smooth function. It limits the value of
effective viscosity as the shear rate tends to zero T — 0:

[1-exp(-10°|s])] 3)
S|

Mg = H, T T,

The Governing Equations for a Non-Newtonian Non-Isothermal Turbulent Fluid

The governing equations are given in symbols of vector analysis operations,
although they are solved for an axisymmetric flow in cylindrical coordinates. The
set of steady-state axisymmetric RANS equations of continuity, momentum in axial
and radial directions, and the energy of a turbulent incompressible generalized
Newtonian fluid has the form (Pakhomov & Zhapbasbayev, 2021; Pakhomov et
al., 2023):

V-(pU)=0
4)
V-(pUU)=-VP+V-2p,,8)+ V(- plu'u))+ V- (24, 8") (5
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V-(pC,T0)=V-(29T)+ V- (- oC, (u' v ®

Here, O, Hett, 4, and C, are the density, effective molecular viscosity, thermal
conductivity coefficient, and heat capacity of the fluid, respectively; U = (ux, ur) is
the velocity vector, (u_= U, u = V) are the fluid velocity components in the axial (x)
and radial (r) directions, respectively; P is the mean pressure; %1 j> and <U it >
are the Reynolds stress and turbulent heat flux. The last terms in the equations of
motion and energy of system (6) consider the effects of heat release during viscous
dissipation of kinetic energy in a non-Newtonian fluid and have the form (Vinay
et al., 2005).

The turbulent Reynolds stress — p<ll/ u’ > =— p<uiuj> and turbulent heat

flux —pC, <u/ t >= -pC, <u it > were written according to Boussinesq hypothesis
(Pakhomov & Zhapbasbayev, 2021, Pakhomov et al., 2023). The expression

V- <2:Lléjfs/> in equation (8) is found according to representation of (Gavrilov &
Rudyak, 2016 b).

Turbulent viscosity 4. is determined using the RSM model (Manceau & Hanjalic,
2002). The turbulent heat flux in the non-Newtonian fluid was obtained according
to the Boussinesq hypothesis, which have the form:

p<ujt>=— Hr oT

. 7
Pr, ox;, ™

Here, Pr is the turbulent Prandtl number. It was determined in accordance with
(Kays, 1994), where it was shown that for the range of variation of the molecular
Prandtl number Pr = 1-100, the turbulent Prandtl number was Pr, =0.85+0.7/Pe,,
where Pe, = PrgvT /v).

The RSM Turbulence Model

The elliptical relaxation RSM (Manceau & Hanjalic, 2002) considers anisotropy
of complicated turbulent flows and is computationally more complicated than a
well-known k- & turbulence model (Hwang & Lin, 1998). This model shows better
results than the k—-& turbulence isotropic model. The Reynolds stress components
are derived from a system of partial differential equations, and the system of basic
equations of the second-moment closure model of (Manceau & Hanjalic, 2002) is
given:

Du.u. . CT —Ouu.
#:B'_'_D;_'_qji'_gi‘—i_i AlTuu it (8)
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Here P, is the intensity of the energy transfer from the average velocity to the

pulsating one; P = 0.5P,; T, is the turbulent time macroscale; Dl_-‘; is the viscous

diffusion; CD is the redistribution term; €; is the dissipation; ¢ is the dissipation
rate. The constants and functions of the system of equations (8)—(17) are taken

from (Manceau & Hanjalic, 2002).

The RSM model did not have additional sink and/or source terms taking the
effect of non-Newtonian fluid on carrier phase turbulence.

Boundary conditions

The flow sketch is shown in the Fig. 1. No-slip conditions are set on the wall
surface for the velocity and the condition of heat transfer with the environment
medium is set for the temperature of the wall (Pakhomov & Zhapbasbayev, 2024):

or — _q. k. _
r=R; U=V=k=£=0; -2 (61’) :al(Tm_Tw);“i“j_O> g=2v?,}[—0 (18)

w

The symmetry conditions are set on the pipe axis for all variables:

ouu .

oo, OU _OT 0k _08_, . oMl 0c_Ox _,(19)
or or or or or or or

In the inlet section (x = 0), the distributions of all variables over the pipe section

were set, corresponding to the developed turbulent flow in the pipe. At the outlet

edge (x=L) soft boundary conditions were given for all variables.
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Thus, the system of equation (1)—(17) with the corresponding input and
boundary conditions (18), (19) is a closed system of equations that describes the
process of turbulent heat transfer in a waxy oil flow and allows the predictions of
all the required quantities.

Thermal effects in rheological properties are taken into account by the

dependence of viscosity x(T) and yield stress 7,(I) on temperature (Pakhomov
& Zhapbasbayev, 2021). These dependencies are based on experimental data. In
the Table 1 are given the values of the yield shear stress 7, plastic viscosity x,, and

Bingham number Bm = 7, R/ ( lLlPUm 1) vs fluid temperature.

Table 1
The dependence of yield shear stress, and plastic viscosity of non-Newtonian fluid
t,°C T K 7,, Pa Uy, Pass Bingham number Bm
0 273 589.6 0.3585 822.32
5 278 34.62044 0.14634 118.29
10 283 2.03286 0.05974 17.01
15 288 0.11937 0.02438 2.45
20 293 0.00701 0.00995 0.35
25 298 4.1156E-4 0.00406 0.05
30 303 2.41662E-5 0.00166 0.007

Numerical realization

The numerical solution is obtained using a control volume method on a
staggered grid. All numerical predictions are performed using the “in-house” code.
The system of equations (3—5) is solved numerically using the QUICK scheme and
the SIMPLEC algorithm. The simulations use a non-uniform mesh (streamwise
and transverse directions) with refinement close to all walls. The cell closest to

the wall is located at yu+/vw= 0.4, where u, :‘/TW / p is the friction velocity of
a Newtonian fluid in the inlet pipe, 7, is the wall shear stress and v, is kinematic
viscosity of a fluid at wall condition. The residual error for the continuity equation,
momentum equations, and RSM model is 10~ and for the energy equation the error
is 107.

The grid convergence test (GCT) for the radial profiles of turbulent kinetic
energy (TKE) is performed on the grids: 500x40 (“coarse”), 1000x80 (“basic”) and
1500 x 120 (“fine”) (see Fig. 2).

The Reynolds and Prandtl numbers of the flow are Re = U D/v,,, = 0.82x10* and
Pr=u, C,/A=42. The difference between “basic” and “fine” grids is very small
(up to 0.1%) and the grid with 1000 x 80 CVs is used in authors’ simulations as the
basic grid.
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Figure 2 — The grid convergence test for RSM models of in-house numerical code:
L=2m,Re=28200,U =02m/s, T, =298K, T, =273 K

Calculation results and discussion

Averaged and turbulent characteristics of the Schwedoff- Bingham fluid

The axial averaged velocity profile along the tube cross section is qualitatively
similar to the one for a Newtonian fluid. This is characteristic both for the DNS
data (Singh et al., 2017 a) and for our RANS calculations. For the axial averaged
velocity distributions, it is possible to note an excess by RANS calculations (up
to 10 %) in comparison to DNS data (Singh et al., 2017 a). The TKE distributions
calculated by the author’s model also agree satisfactorily with the DNS calculation
both in the viscous sublayer and in the logarithmic region and the difference does
not exceed 15 %. These data are given in (Pakhomov & Zhapbasbayev, 2021) and
are not presented here in order to reduce the manuscript volume. However, the
isotropic k—& — model (Hwang & Lin, 1998) does not even qualitatively describe
the complex distribution of velocity fluctuations over the pipe cross section and
significant anisotropy of axial and radial velocity fluctuations of SB fluid. This is
especially noticeable in the profiles of the radial velocity fluctuation component.

For the Schwedoff-Bingham-fluid the results of the RSM model calculations of
the axial y* =y /yu, (a) and radial v* =y /u, (b) velocity fluctuation profiles are
shown in Figure 3.

Here points are DNS (Singh et al., 2017 b), lines are RANS calculation of authors
using RSM model (Manceau & Hanjalic, 2002). As can be seen from the data
shown in Fig. 3, the RSM model qualitatively well describes the anisotropy of the
axial and radial velocity fluctuation profiles. The positions of maximum values and
practically coincide with DNS data (Singh et al., 2017 b). The obtained calculation
data confirm the possibility of successful use of the RSM model (Manceau &
Hanjalic, 2002) to describe the non-isothermal flow of the SB fluid. Further in our
calculations of flow and heat transfer at transition of turbulent Newtonian fluid to
non-Newtonian fluid we will use exactly RSM model (Manceau & Hanjalic, 2002).

The following crucial points can be noted in conclusion to these two subsections
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concerning the validation a numerical model for describing turbulent isothermal
power-law and Schwedoftf-Bingham fluids. The use of the isotropic k—& model
(Hwang & Lin, 1998) makes it possible to predict, in the first approximation, the
distributions of the averaged parameters of the turbulent flow (averaged axial
velocity and TKE) of non-Newtonian fluids with a reasonable degree of accuracy.
However, this model is completely unsuitable for calculating the axial and radial
components of the carrier phase velocity fluctuations (up to 300 %). The use of
the Reynolds stress model (second-moment closure) (Manceau & Hanjalic,
2002) in describing turbulence makes it possible to calculate the behavior of the
turbulent characteristics in axial and radial directions of non-Newtonian fluids with
satisfactory accuracy (up to 20 %).

RSM |

08

04

Figure 3 — Comparisons of the results of authors” RANS calculations using the RSM model
(Manceau & Hanjalic, 2002) of axial 4" =u /u, (a)and radial vi=v/u, (b) velocity
fluctuations of the Schwedoff-Bingham fluid with the DNS results (Singh et al., 2017 b): Dots are
the DNS (Singh et al., 2017 b), lines are the RANS calculation by the author using the RSM model
(Manceau & Hanjalic, 2002). Re= U D /v, =1.3x10*, Re =uR /v, =323. I, 3 - Newtonian

ml™— 1 "Wl

fluid; 2, 4 — non-Newtonian fluid; z/z,, = 1.1;

5, 6 —non-Newtonian fluid 7,/z,, = 1.2.

Predictions of turbulent non-isothermal flow structure

A non-isothermal waxy crude oil (WCO) flows along an underground pipe (see
Fig. 1). The pipe inner diameter is D= 2R = 0.2 m, and length of computational
domain L =20 m (x/D = 100). Turbulent flow in the inlet cross-section considers as
a Newtonian fluid. Then WCO cools down by flowing along the pipe length due to
heat transfer through pipe wall with cold soil. The Reynolds and Prandtl numbers of
the flow are Re = U D/v,, = (0.4-1.2)x10*and Pr = u,, C, /A= 42. The Reynolds
number has the same form as for a generalized Newtonian fluid. It based on the
fluid viscosity determined under wall conditions and the viscosity is depends on
the fluid temperature. Studies are carried out with a steady flow of fluid in the pipe.

Results of calculations of non-isothermal motion in the pipe show change of
state of Schwedoff-Bingham fluid (paraffinic oil). Newtonian properties of liquid in
initial sections of pipe gradually change to viscoplastic (non-Newtonian) state due
to heat transfer between heated liquid in pipe through its wall and cold environment.
In process of movement along the pipe the value of longitudinal velocity in zone
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near axis increases (up to 1.7 times in comparison with entrance velocity level),
and in the wall zone on the contrary decreases and height of section with zero value
of liquid velocity increases (see Fig. 4a). Height of the section with zero liquid
velocity in the pipe gradually increases as the oil moves along the pipe and reaches
y/R = 0.15 at x/D = 20. The core area with maximum liquid velocity gradually
decreases to y/R = 0.9 at x/D = 20.

There is a significant increase of turbulent kinetic energy in the near-wall area
of the pipe (more than 1.75 times) and a noticeable decrease in the near-wall area
(see Fig. 4b). For the axisymmetric flow, TKE is determined by the well-known
equation: 2k = <uv2>+ 2<vv2>. The boundary of the region of Newtonian fluid
properties has been determined. Profiles of evolution of dimensionless temperature

O=(T-T,,)/(I,-T,,) of liquid show cooling of paraffinic oil flow due to heat
exchange with environment through the pipe wall (see Fig. 4¢). Here T}, is the wall
temperature at the inlet section.
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Figure 4 — Distributions of the dimensionless average axial velocity U/U_ (a), turbulent
kinetic energy k/k, (b), average temperature © (c) and yield shear stress 7,/7,,. (d) and averaged
effective dynamic viscosity (e). Re = 28200, T =298 K, 7, =273 K

Yield stress profiles 7,/7, | are shown in Figure 4d, where 7 | is the yield stress at
T'=293 K. The radial profiles of average dynamic viscosity coefficient distributions
U eﬁ/(ﬂnﬁu) along the pipe length are given in Figure 4e. Here oy is the effective
averaged viscosity of the turbulent NNF and (u,,+x,) is the sum of turbulent and
molecular viscosities of the NF (waxy crude oil) at the inlet. This ratio is clearly
showing the effect of appearance of non-Newtonian behavior of the fluid movement.
The decrease in the fluid temperature in the near-wall zone by turbulent Newtonian
fluid cooling causes significant increase in the value of average dynamic viscosity
coefficient of the fluid.

It is known (Zhapbasbayev et al., 2021) that at fluid temperature 7’< 293 K, non-
Newtonian fluid properties begin to appear and limit shear stress 7, arises. This leads
to a sharp increase in mean dynamic viscosity and ultimate shear stress and leads
to a decrease in the speed of waxy oil and even to a complete stop. It can be noted
that the temperature, average dynamic viscosity and ultimate shear stress profiles
evolution along the pipe length show that at temperature 7> 293 K paraffinic oil
has a Newtonian fluid property, whereas in the temperature region 7 < 293 K the
properties of viscoplastic (non-Newtonian) Schwedoff-Bingham- fluid appear.

Earlier in works (Pakhomov & Zhapbasbayev, 2021; Pakhomov et al., 2023;
Pakhomov & Zhapbasbayev, 2024) it was shown that heat transfer of moving
liquid flow in pipe or channel and surrounding ground has the main influence on
manifestation of non-Newtonian properties of SB liquid. The results of numerical
calculations for the influence of the ambient ground temperature 7 on the turbulent
characteristics of paraffinic oil are shown in Figure 5. For a Newtonian fluid, flow
and heat transfer calculations were performed for paraffinic oil without taking into
account the non-Newtonian properties at 7, = 298 K. Note that for the Newtonian
fluid our numerical calculations are in good agreement with the known DNS
calculations (Singh et al., 2017 a). These data are not shown in these figures.
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Figure 5 — Effect of soil temperature T on the profiles of axial 4’/ U, (a), radial VU , (b)

turbulent fluctuations, Reynolds stresses #v'/ U} (c) and turbulence kinetic energy  / U} (d):
Re = 8200, x/D =20, T, =298 K

The lowering of the ambient ground temperature causes additional generation
of turbulence in the near-wall zone of the pipe and its significant suppression in
the wall part of the pipe (see Fig. 5). This is consistent with the data shown in Fig.
4. At the same time there is a shift of position point of turbulent pulsation level
maximum, Reynolds stress and TKE towards the pipe axis. In Newtonian liquid it
is located y/R = 0.1 for axial fluctuations, Reynolds stress and TKE (see Fig. 5). For
a liquid with manifestation of non-Newtonian properties and ultimate shear stress
(T, = 273 K), the maximum is located at (/R = 0.23). Also significant turbulence
anisotropy is visible and the ratio of axial velocity fluctuations to radial fluctuations
is (w’/v’),  =5.3) (see Fig. 5).

Heat transfer between of waxy crude oil (paraffinic oil) with the cold environment
leads to the decrease in the temperature of the carrier fluid. It causes an increase
in plastic viscosity, and the appearance of a yield stress in the near-wall zone of
the pipe. The values of plastic viscosity and yield stress in in the near-wall region
become larger for the colder carrier fluid. As the temperature decreases, the near-
wall zone of the viscoplastic fluid expands, covering more and more parts of the

92



Reports of the Academy of Sciences of the Republic of Kazakhstan

Newtonian fluid. The velocity of the carrier fluid slows down and loses their fluidity
at high values of the yield stress in the near-wall zone. The decrease in the fluid
temperature leads to crystallization of the wax, and the release of the heat of the phase
transition. Figures 4, 5 clearly demonstrate the occurrence of a stagnation zone and
the viscoplastic state of the fluid, and also illustrate the transition of paraffinic oil
from the Newtonian state to the viscoplastic non-Newtonian Schwedoff-Bingham-
state due to heat transfer with the cold environment.

Conclusion

A numerical study of the motion and heat transfer of a turbulent non-isothermal
Schwedoff -Bingham fluid through a pipe wall with a cold environment has been
carried out. Dependences of viscosity and ultimate shear stress on temperature
were determined experimentally. The calculated data show the transition of an
incompressible Newtonian fluid to a non-Newtonian (viscoplastic) state.

Calculation results for transition of turbulent Newtonian fluid to viscoplastic
state are in satisfactory agreement with DNS data of other works for Schwedoff-
Bingham fluid. A better agreement with the DNS calculations on the distribution
of turbulent non-Newtonian flow characteristics is obtained by including additional
runoff and source terms in the transfer equations for the averaged and turbulent
flow characteristics. In the logarithmic layer velocity profile for the Schwedoft-
Bingham fluid is qualitatively similar to that for the Newtonian fluid.

One of the significant results is an increase of turbulent kinetic energy in the
flow core and damping in the zone of yield strength manifestation. The calculated
data of the turbulent stress model qualitatively describes the anisotropy of the axial
and radial velocity fluctuations well. The locations of maximum values of axial and
radial velocity fluctuations are in agreement with the DNS data of other authors.
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PAKHUIIEB BASIH PAKUIIEBUY
(k 90-s1eTHIO CO AHS POKAEHUS)

Beinatonuiicas  y4eHBIM-TOpHSK, JEHCTBUTENbHBIM uieH HaunoHanmbHOU
akagemnn Hayk Pecmyommkm Kasaxcran, 3acmyxenusid aearens PK, moxrop
TEXHUYECKUX HayK, mpodeccop, MmodeTHb pexkrop Kazaxckoro HauoHaJIbHOTO
HCCIIEZIOBAaTEeNbCKOTO TexHndeckoro yHmBepcutera mMm. K. M. CarnaeBa basu
Paxumesua Pakumies ponuncs 15 mapra 1934 rona.

ITocne oxoHuyaHuss ¢ omimuveM Ka3axCkoro ropHO-METAJIypru4ecKoro
nHCcTUTYTa ¢ 1957 mO 1965 Tomer om pabotan Ha KoyHpamckoMm pymHUKE
banxamickoro TopHO-METaUTypTrHIeCcKOro KOMOMHATA B OMKHOCTSIX HadalbHUKA
CMEHBI, HaYallbHUKA I1eXa U Kapbepa. B 1964 romy 6e3 oTphIBa OT MPOW3BOIICTBA
YCIIEUIHO 3aIUTUI KaHAUIATCKYIO JUCCEPTALIHIO.

JlanpHeimas ero TpyaoBasi 1esITeIbHOCTh CBsi3aHa ¢ poaHbIM By3oM. C 1966 mo
1987 roas! Ao1eHT, mpodeccop, 3aBeAyolIui kKadeapoil TeopeTHUECKOM MEXaHUKH,
B mepuoz ¢ 1988 mo 2016 rox 3aBemyromniuii Kagenpoil OTKPBITEIX TOPHEIX PaboT,
¢ 1980 mo 1993 rox Hay4dHBIH PYKOBOAMTENH MPOOIEMHOI 1a00paTOpuy HOBBIX
(hM3UYecKuX METOAOB pa3pylIeHUs TOPHBIX MOPOA M OTpaciieBoil jJaboparopuu
TexHonornu O6ypoB3peiBHBIX pador KaslITU um. B.U. Jlennna. C 2016 roma mo
HacTosimee Bpemsi oH mpodeccop kadeapsr «lopHOE 1€710», MOYETHBIH PEKTOp
Kazaxckoro HalMOHaJIBHOIO MCCIIEJOBATEIBCKOTO TEXHUYECKOIO YHUBEPCHUTETA
nMm. K.W. Carnaesa.

ITon pyxoBoacTBoM b. PakumieBa ¢hakymbTeT ABTOMATHKH W BBIYACIUTEIBHON
TEXHUKH 3aHMMAaJ TepPeloBbIe MO3UINK B HAyYHO-HUCCIIE0BATENLCKON, yueOHO-
MIPOU3BOJICTBEHHON M OOIIECTBEHHOW NeATeIhbHOCTH. DaKyIbTeTCKUNA aHCaMOJIb
«JlocMykacan» ChOpPMHUPOBAIICS, COCTOSIICS KaK TBOPUCCKUH CaMOIESTEIHHBIN
KOJUIEKTHB W cTaj momysipHeiM B cTpanax CHI. O TBopueckoil AesTensHOCTH
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«/locmykacan» u ponu nexana basina PaknieBa B ero cTaHOBIIEHUH PacCKa3bIBAETCS
B knHOmiIbMe «/locMmykacany, BeimymenHoM Kazaxdumsmom B 2020 roxy.

B nomxHOCTH peKTOpa OH BCIO CBOIO CHITY MOHEPT MO OT/IaBaJI PACLIMPEHHUIO CBSI3e i
HayKH C IPOU3BOICTBOM, IPAKTUIECKON MOAr0TOBKE OyAyIIKX crienuanuctos. Torna
B Kas[ITU Bnepsbie B Kazaxcrane ObLIM OpraHM30BaHbl CIECIUAIN3UPOBAHHBIC
CTY[€HYECKHE OTPSIBI IJIs TPOXOAKIEHUS IIPON3BOICTBEHHBIX IPAKTHK, OTKPBUIOCH
Heckolbko rnmanos kadenp Ha 6aze npeanpustuii 1 HUU. AKTHBHO BHEIPSUTHCH
JIOTOBOPBI O HAYYHO-TEXHUUYECKOM COZPYKECTBE U MOATOTOBKE CIHENHAINCTOB 110
OPSIMBIM  CBSI3SIM C TNPENNPHATHAMU. KOHTHHTEHT MHOCTPAHHBIX CTYACHTOB M3
37 cTpaH B TO BpeMsl COCTaBIISUI BHYIIUTENbHYIO LU(ppy — Oonee 300 uenosex.
CylecTBEHHO  yAyYIIWJIOCH COCTOSHHE  MaTepUallbHO-TEXHHYECKOH — 0a3bl
nactutyta. KaslITU um. B.U. Jlennna Ob11 OMTHUM 13 BEIYIIUX BRICITUX YICOHBIX
3aBeneHuit CCCP.

basin PakuineBud co3jan CTpOHHYIO TEOPUIO pa3pyLIECHUs pEalIbHOTO0 MacCHBa
TOPHBIX TMOpoA AelcTBHeM B3pbiBa BB. Paspaboran aHamuTHYecKue METOIbI
OINIpENEICHNs] PACIIONIOKEHHs 3apsnoB BB B MaccuBe, rpaHyIOMeTpHUYECKOTO
cocTaBa B30pBAaHHOW TOpPHOW Macchl, 3arpar »Heprun BB wa npobienue,
nepemMenieHne u rpado-aHaTUTUYCCKHE METOAbI OINpPEICNCHUs pa3MeleHHUs
Pa3HOPOTHBIX TIOPOA B pasBajie, MapaMeTpOB TEXHOJIOTHWH OypOB3pPHIBHBIX H
9KCKAaBaTOPHBIX pabOoT, 00ecleuynBAOIMX HAWMEHBIINE KOJIMYECTBEHHBIE U
Ka4eCTBEHHBIE TTOTEPH.

Basinom PakuiieBbiM chopMyTupoOBaHbI CTpaTErHUECKUE 331291 PALIMOHATBHOTO
OCBOEHHSI HEp W KOMIUIEKCHOTO HCIIOJIB30BaHMs TIOJIE3HBIX HMCKOMAEMBIX,
000CHOBaHBI CHCTEMBI HMX OOeCIeUYCHHUs, pa3paboTaHbl TOPHO-TEOJOTHYECKHUE,
TFEOMETPUYECKHE MOJEIN  CIOKHOCTPYKTYPHBIX OJIOKOB ~ MECTOPOXKICHHIA,
MaTeMaTUYeCKHe MOJIEIN MHMHEPAIBHOIO CBIPbS HA PA3JIMYHBIX JTalax €ero
nepepadOoTKH, TMO3BOJSIONINE YIPABISATh YPOBHEM H3BJICUCHUS KaK OCHOBHBIX,
TaKk ¥ COMYTCTBYIOIIUX IOJIE3HBIX KOMIIOHEHTOB B KOHILIEHTPAT, B METAJI, YTO
Ype3BBIYAHO BaXXHO B YCIIOBHSIX CHCTEMAaTHYECKOTO CHIDKEHHUS COEp)KaHus
npoUIBHBIX METAJJIOB B PY/IE M YBEIMUYECHHUS CIIPOCA HA PEAKHE METAIIBI B CBA3U
C Pa3BUTHEM BBICOKUX TEXHOJIOTHH.

PazpaboranHble = MaremMaTHdeckue  MOJENM  CTaOWIM3alMKM  KayecTBa
MHOTOKOMITOHEHTHOM pyZbl U ONEPATUBHOTO YIPABICHHS BHYTPUKAPbEPHBIM
YCPEAHEHHEM U COCTOSIHUEM MHHEPAJIBHOTO CHIPhS Ha KaXXJIOM M3 ITaloB €ro
nepepadoTKH CIOCOOCTBYIOT COBEPIICHCTBOBAHNIO SKOHOMUYECKH 3()(hEeKTUBHBIX
TEXHOJIOTUH TOOBIYH U TepepabOTKHU MOJIE3HBIX HCKOMACMBIX.

HayunbsiMu paboTamu, BBIOJIHEHHBIMHA Ha BBICOKOM TEOPETHUECKUM YpPOBHE
U OPUTMHAIBHBIMU INPAKTUYECKMMHU pa3padOTKaMH, MOJYUYMBIIMMH IpPU3HAHHE
TOPHOM 00IIECTBEHHOCTH, akaneMuk b.P. PakuiieB BHec 60bI110# BKJIAl B TOPHYIO
HAayKy M HPOMBILUICHHOCTb, CO3/1aj Hay4YHYIO IIKOJIY B 00jacté 3¢ ¢EeKTHBHOTO
pa3pylIeHNss MaCCUBOB MIOPO U Pa3pabOTKHU MOIE3HBIX HCKOTIAEMBIX B PEXKHME UX
palMOHAIBHOTO MCIOIb30BaHUS HEAP, MOAroTOBMI 9 pokropos, 30 KaHIUAATOB
TEXHUYECKUX HayK, 9 noktopoB PhD, cOTHM MarucTpoB 1 HHKCHEPOB.
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Axkanemuk HAH PK B.P. PakumieB sinsiercss aBropom okono 800 Hay4yHBIX U
y4eOHO-METOIMUECKUX PadoT, B TOM uuciie 15 mMoHorpaduii, 6 aHAINTHYECKUX
0030poB, 14 y4eOHWKOB W y4eOHBIX MOCOOMH, 50 aBTOPCKUX CBUJETENHCTB U
MaTeHTOB Ha m300peTeHus, 6onee 100 crareii B m3maHusax B 6a3e JaHHBIX Scopus U
Web of Science.

3a 3acmyrm B oOJacTH Hay4HOW, MEJAaroruyeckoil M OpraHu3aluOHHON
nestensHocTH b. P. Paknmes Harpaxkaen opaenamu Tpynosoro Kpacnoro 3namenn
n «lIlapacar», mectero menansamu CCCP u PK, IlouerHoit rpamotoii BepxoBHoro
Cogera Kazaxckoit CCP, ynoctoeH moyeTHOro 3BaHUsl «3acily>KCHHBIN AesTelb
PK», siBnstercst naypearom Pecryonukanckoit npemun uM. K.M. Carnaesa.

bBasin PakuimeBnu M celiuac BeAeT AaKTHBHYIO HayYHO-HCCIICIOBATEIIbCKYIO,
Hay4HO-OPraHU3aLMOHHYI0 PadoTy, SBILLSICH HAayYHBIM PYKOBOIMTENIEM IIPOEKTOB
MunucTepeTBa HayKH 1 BbIciero odpazosanus PK, ipencenarenem quccepraiimoHHOTO
COBETa IO 3alIUTE JIOKTOPCKHUX JAMCCEpTalMi, pyKoBoauTeneM nokropantoB PhD,
Bure-tipesuieHToM OO «Coro3 yueHslx KazaxcraHa», MOYETHBIM MPE3UIEHTOM
l'opronpomemiieHHoro  coro3a Kaszaxcrana, wiIeHOM peOKOJIETWi  KypHaJIOB
Kazaxcrana, Poccuu, Ykpaussl u Y30ekucrasa.

[lo3npaBnsas basna PakumeBnua c robuieem, jkellaeM €My 310pPOBbS,
Oarononyuus 1 JaJbHEHIINX TBOPYECKUX YCIEXOB.

Munucmepcmeo svicuteco oopazosanusi u Hayku PK,
Hayuonanvuas axademus nayx PK,

Kaszaxckuil nayuonanbHwlil ucciedo8amenbeKuil
mexnuyeckuti ynusepcumem um. K.M. Camnaesa,
pedaxyuu xcypranos «Joxnaovt HAH PK» u
«Becmnux HAH PK»
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