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BEUHAP/1bI TA3 KOCMNANTAPBIHOAFbl MEXAHUKANBIK TEMNE-TEHAIK TYPAKTbI/1bIF bIHA
TEMMEPATYPAHbIH oCEPIH CAHAbIK MOAENBAEY

Byn Kymbic Ar—N; KyMeciH Mbicanfa ana OTbIPbIN, rPaBUTALMANBLIK epicTeri BuHapAbl ras
KOCnanapblHAa  TemnepaTypaHblH,  MEXaHMKablK — Tene-TeHA4iK  TypPaKTbliblfblHA  KaHe
MaccaanMacy cunaTblHa oCepiH 3epTreyre apHanfaH. byn Kymbic eki konbanbl annapatra
rasgapablH M30TepPMAIK apanacyblH KapacTbipadbl, OHAA MOAEKYAA/blK Maccanapbl apTypAi
KOMMOHEHTTepAiH ©3apa ANPPY3UACHI Ke3iHAEe TbIFbI3AbIKTbIH, TYPAKChI3 KOHUEHTPALUMAbIK
CTPaTMOMKAUMACHIHbIH, Naiiaa 601ybl MeXaHWKabIK Tene-TeHAiKTiH, Oy3blaybiHa aKkenea.

3epTTeyaiH, Herisri makcaTbl — apTYpPAi KbicbiMaapaa Anddy3na-KOHBEKTMBTI Maccaasmacy
PEXMMAEPIHIH KanbiNTacybl MeH AaMyblHAa TeMnepaTypaHblH, PeniH aHbikTay. Ocbl MaKcaTTa
KOMMOHEHT TacbiMangay TeHgeynepi meH SST k—w TypOyneHTTiK mModeni KoadaHbl/ifaH
ywenwemai Kedictikteri ANSYS Fluent 6afgapnamanbik,  MNaKkeTiHAEe CcaHAblK, MoAesbaey
Xyprisingi. TemnepaTtypa »KYWeHiH TypakTbl/iblFbiHA ©3apa ANddy3nsa KoadduumeHTTepi meH
KOCMaHbIH, MaCcCaa/IMacy KacueTTepiHiH e3repyi apKblibl 9Cep eTeTiH CbIPTKbl MapameTp peTiHAae
KapacTblpblaaapl.

BuHapabl ra3 KocnmacblHA@ MEXaHWKaAblK Tene-TeHAKTIH TypaKTbllblFblHA TemnepaTypa
ey GakTop eKeHi aHbIKTanAbl. TemnepaTypaHbiH KeTePiNyi KOMNOHEHTTEPAIH ANDOY3NANBIK,
KO3Fa/fblTbIFbIHbIH apTyblHa 6OaiNaHbICTbl KOHLEHTpauuAFra HerisgenreH rpaBuTaLmUsabIK
KOHBEKLMAHbIH, a/cipeyiHe akenedi, byn »KyMeHiH TypaKTbiiblK LIeKapacbiHa KaKblH Kepae
TypaKTanyblHAa Ja, AamblfaH KOHBEKUMA alMarblHAQ KOHBEKUMANbIK TacbiManaaydbliH
CanbICTbipManbl TUIMAINITIHIH TomeHaeyiHAe e KepiHic Tabaabl. CaHAbIK Moaenbaey apanacy
MPOLECIHIH YyaKbiT OOWbIHLIA [AMHAMWMKACBIH KalMblHA KEATIPYre »KaHe 3KCMepUMEHTTIK
efleynepre KOMKETIMCI3 KOHBEKTMBTI KypblabiMAapablH 3BOAOUMACBIH aHbIKTayFa MYMKIHAIK
6epai. ANbiHFaH HATUXKENEeP SKCNEPUMEHTTIK AEPEKTEPMEH KaKCbl COMKeC Keneai skaHe bBuHap bl
ras xyhenepiHae aAMdbPys3na-KoOHBEKLMANBIK NpoLecTepai TemnepaTypanblk Bakblnay KeHiHaeri
TYCIHIKTI KeHeNnTea;.

TyWiH ce3aep: b1Hapbl ra3 Kocnanapbl, MEXaHWKabIK Tene-TeHaiK, TeMnepaTypasblk acep,
CaHAbIK MoAeNbAey.
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Numerical modeling of the effect of temperature on the stability of mechanical
equilibrium in binary gas mixtures

This work is devoted to studying the influence of temperature on the stability of mechanical
equilibrium and the nature of mass transfer in binary gas mixtures in a gravitational field using
the Ar—N, system as an example. It considers isothermal mixing of gases in a two-flask apparatus,
in which the loss of mechanical equilibrium is caused by the formation of unstable concentration
stratification of density during the mutual diffusion of components with different molecular
weights.
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B. MyKkameeHKbI3bl aHe b. Akbepanes

The main objective of the study is to establish the role of temperature in the formation and
evolution of diffusion-convective mass transfer regimes at different pressures. To this end,
numerical modeling was performed in the ANSYS Fluent software package in a three-dimensional
setting using component transport equations and the SST k—w turbulent model. Temperature is
considered as an external parameter affecting the stability of the system through changes in the
mutual diffusion coefficients and transport properties of the mixture.

It has been established that temperature is a determining factor in the stability of mechanical
equilibrium in a binary gas mixture. An increase in temperature leads to a weakening of
concentration-driven gravitational convection due to an increase in the diffusion mobility of the
components, which manifests itself both in the stabilization of the system near the stability
boundary and in a decrease in the relative efficiency of convective transport in the region of
developed convection. Numerical modeling made it possible to reconstruct the temporal
dynamics of the mixing process and reveal the evolution of convective structures that is
inaccessible to experimental measurements. The results obtained are in good agreement with
experimental data and expand our understanding of the temperature control of diffusion-
convective processes in binary gas systems.

Key words: binary gas mixtures, mechanical equilibrium, temperature effect, numerical
modeling.
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YucneHHoe mMoaennpoBaHne BANAHNA TeMNepaTypbl Ha YCTOVIHMBOCTb MeXaHU4YeCKoro
paBHOBECKA B 6V|Hapr|X ra3oBbIX Cmecax

PaboTa nocalleHa NCCAeA0BaHMIO BAUAHUA TEMMNEPATYPbI Ha YCTOMYMBOCTb MEXAHNUYECKOTO
PaBHOBECUA M XapaKTep macconepeHoca B BUHAPHbIX ra30BbIX CMECAX B rPaBMTaLMOHHOM Noae
Ha npumepe cuctembl Ar—N,. PaccmaTpmBaeTca M30TEPMUYECKOe CMELleHWe ras3oB B
[BYXKONDOOBOM annapaTte, NpUM KOTOPOM MOTepsA MexaHM4ecKoro pasHoBecua obycnosneHa
bopmmMpoBaHMEM HeyCTOMYMBOM KOHLEHTPAUMOHHOM CTpaTUdMKaLMKM NAOTHOCTM B mpoLecce
B3aMMHOM ANDDY3NM KOMMOHEHTOB C Pas/IMYHbIMKM MOSIEKYIAPHBIMM MacCamMm.

OCHOBHOM LENb0  WUCCNefOBaHWA ABNAETCA YCTaHOB/AEHWME POAM  TemnepaTypbl B
bopmmpoBaHMM U 3BOAOLUU ANDOY3MOHHO-KOHBEKTUBHBIX PEXMMOB MacconepeHoca npu
Pa3IMYHbIX AaBAeHuAX. JnA 3Toro BbINOJHEHO YMCNEHHOE MOAENMPOBaHME B MPOrPamMMHOM
kKomnnekce ANSYS Fluent B TpEXmMepPHOM NOCTAHOBKE C MCMNO/Ib30BAaHMEM YpPaBHEHM NepeHoca
KOMMOHEHTOB U TypbyneHTHON moaenn SST k—w. TemnepaTypa paccMaTpUBaETCA KakK BHELUHWA
napameTp, BAMAKLWMIA Ha YCTOMYMBOCTb CUCTEMbI Yepe3 N3MeHeHNe KO3PPULIMEHTOB B3aMMHOM
ANdOY3UM U TPAHCNOPTHbLIX CBOMCTB CMECH.

YCTaHOBAEHO, 4YTO TemnepaTtypa SBASETCA oOnpeaenatlowmm ¢GakTopoM YCTOMYMBOCTH
MexaHMYeCcKoro pasHoBecuss B OMHaApPHOM rasoBoi cmecu. PocT TemnepaTypbl NpMBOAMT K
0CNabNeHnto  KOHUEHTPALUMOHHOM PaBUTALUMOHHON KOHBEKLMWU BCAEACTBME YBEAUYEHUA
AndbY3MOHHOM MOABUMKHOCTM KOMMOHEHTOB, YTO MPOABAAETCA KaK B CTabuamsaumm CUCTEMbI
BOAM3M TPaHMLbl YCTOMYMBOCTM, TaK M B CHUMKEHUM OTHOCUTENbHOM 3DDEeKTUBHOCTM
KOHBEKTMBHOIO nepeHoca B 06/1acTM Pa3BUTON KOHBEKUMU. YucieHHoe MoAennpoBaHue
MO3BO/INI0 BOCCTAHOBUTb BPEMEHHYI AMHAMUKY MPOLECCa CMELLIEHUA U BbIABUTb 3BOOUMIO
KOHBEKTUBHbIX CTPYKTYP, HEAOCTYMHYHO MpPW SKCNEPUMEHTANbHbIX M3MepeHUax. [onyyeHHble
pe3ynbTaTbl XOPOWO COMMacytoTCA C  3KCNEPUMEHTA/IbHbIMM - AaHHBIMW 1M pacwmpAwoT
nNpeacTaBfeHMA O TemnepaTypHOM KOHTposne AnPPYy3MOHHO-KOHBEKTMBHbLIX MPOLLECCOB B
HUHAPHbIX ra30BbIX CUCTEMAX.

Kntouesble cnosa: bMHapHbIe ra30Bble CMECH, MEXAHUYECKOE PAaBHOBECKE, TEMNEPATYPHbIN
abPeKT, UNCNeHHOe MOAENNPOBAHME.
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BuHap/bl rasz KocnanapblHAaFbl MEXAHWKANbIK Tene-TeHAIK TYPaKTblblfbiHA TemMNepaTypPaHblH 3CEPIH ...

Kipicne

bunapnel a3 KocmamapelH 3epTTey — Kasipri

3aMaHFbI TEOPUSITBIK JKOHE KOJ11aHOaITBI
TUAPOAMHAMHUKAHBIH HETI3ri MiHAETTepiHiH Oipi,
cebebi  MyHmail  KydenepAeri — Maccaaiamacy

MeXaHU3MIepi KabaTTajaraH OPTaHbIH JUHAMHUKAIBIK
KAacHUeTTepiH aHBIKTal, (PU3MKaNbIK XOHE TEXHOJO-
THSUTBIK TIPOLIECTEPAIH KeH ayKbIMBIHA TyOereimi
ocep ereni. bunapnel ra3  KocmasapbIHOAFbI
MaccaanMacy TpOLEcCTepiH TepeHIpeK TYCiHy
a’poAMHaAMHKa, acTPO(U3UKA KOHE KIMMATOJIOIHS
YIUiH, COHAAH-aK XUMMSUIBIK KOHE SHEPreTHUKAIIBIK
TEXHOJIOTHSIIAp CalachlHAAaFbl Maceyenep YIIiH Je
HET13ri MaHbI3bI O0ap [1-6].

Temneparypa  rpagmenti  Oonmaca  ja,
TPaBUTALMSUIBIK OPICTE MOJIEKYJAIBIK Maccallapbl
OpTYpJIi ra3aap/bIH U30TEPMIIK e3apa TudGy3usichl
KOHIIEHTpaLHsFa HeTi3/1eNreH TBIFBI3IBIK
CTpaTUUKAIMACHIHBIH Taiina OolyblHA oKemyi
MyMKiH [7-8]. MyHpait crparudukanms sxyiene
MEXaHHUKAJBIK TeTe-TeH K OY3bUIBIT, MU Y3UITBIK
PSKUMIHEH  KOHLEHTPALWMSJIBIK  TPAaBUTALMSIIBIK
KOHBEKIHS peKuMre oty Oaiikanaapl. KHHeTHKAIBIK
apamacy  peKHMJAEPIHIH  e3repyi  THIFBI3JIBIK
TpaJueHTiHiH mMmalga OONybIMEH aHBIKTANabl, Ol
TeMIepaTypaliblK OipTEeKTLNIKTIH Oy3bUTybIHAH Ja,
KOCTa KOMIIOHEHTTepiHiH Auddy3usibik KacueTte-
piHzeri albIpMalbUIBIKTapiaH A2 TybIHIAYbl MYMKIH
[9-12].

Bunapiet ras KyHhenepingie Kypaeni
KOHBEKLMAJIBIK PEXUMICPAIH KAJIbINTACybl KOHIICH-
Tpanust MeH TepMmoanddy3us epicTepiHiH OipKenki
eMecTiriMeH OailaHbICTBI, OyJI MaccaTachIMall-
NayJablH  09CeKeNeC MEXaHU3MIIEPIH — TYIBIPAJIbL.
TypakchI3ABIKTBIH ~ JaMyblHAA2 KOMIIOHEHTTEPIiH
e3apa auddy3us Kod3PPUIMEHTTEPiHIH albIpMaIIbI-
JBIFBI MaHBI3BI POJT aTKapajbl, OJ KOHICHTPAIUs
TPaJNeHTiHIH KEeHICTIK-yaKbITTHIK 3BOJIOIMSICHIHBIH
CHUIIaTBIH AHBIKTAHIBI. W3zotepmaik emec
JKarIanaapaarsl TYPAaKChI3 TP Y3USITBIK
mporecTepAl Tanaay KypAeldipek mocene OO
TabbuIaAbI, ce0edi Temmeparypa (GakTopsl eKi Typdi
KOJMEH KepiHiC Tal0ybl MyMKiH: Oip >XarbIHaH,
TeMmreparypa TPaJueHT] TYPaKChI3IbIKTBIH JaMyblH
KeJeNJeTEeTIH KaTalu3aTop pETiHAE OpEeKeT eTe
anazpl, ajg eKiHII JKarblHaH, TeMIIepaTypaHblH

Ecentin KOMBLIBIMBI 5K9HE CAHABIK dIicTep

3eprrey HbicaHbl peTiHge [20]-1a Kenripiires,
KbICBIMBI 4.02 MIla xoHe TeMmmepaTypa apajbIFbl
297-353 K xarpaiinapeiaaa KYpri3iiren
TOXKIPUOCIIK 3epPTTCYICPIIH HOTHXKEIIEPl abIHIBI.
byn 3eprreymep eki  Koibadel  QmICTI  Ky3ere
acbIpaThIH SKCHEPUMEHTTIK KOHJIBIPFBIHBI
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KeTepinyl TackIMaay Kod(puIMeHTTepiHIH
e3repyiHe OailMaHBICTBI JKYHEHI TypaKTaHABIpyFa
okemyi MymkiH [1, 8, 13-15]. Ocwl TypFBIIaH
aJFafHma, KOMITOHEHTTEPTiH TG Gy3USITBIK
KO3FaJFBIITBIFBIHBIH POl M30TEPMIIK apanacy
JKarmainapblHaa alKelH KepiHemi, OV OChIHmal
pexuMaepIi KOHIICHTpAaITUsIFa HETi3/IelTeH
TPaBUTALUSUIBIK KOHBEKIIHS MeXaHU3MJIEPiH
Tangayra epeKiie KoJaiibl eTe/i.

Ken aykpiMImel ToxipuOenmik 3epTreyiepiH
KOJDKETIMAUIITIHE  KapaMmacTaH, OWHapiBl — Ta3
KOCHAJIAPBIHAAaFbl  MEXAaHUKAJBIK  TEle-TCHIIKTIH
TYPaKTBUIBIFBIHA TEMIIEPATYPaHbIH 9CEPiH CaH/BIK
CUTIATTay, 9Cipece TIKIPHOENiK JAepeKTep/i CaHIbIK
MO/JIENIbICY HOTHIKEIEPIMEH CANTBICTHIPY TYPFBICBIHAH
anranaa oii ge mekteyndi [16, 17]. Kasipri ecentey
smicrepi aFrpIH KYPBUTBIMIapHI MeH
KOHIEHTPAIIMSUIBIK, ~ OpICTeplli  erKe-Terkeii
Tajjayra MYMKiHIIK Oepeni, Oipak ojap CeHIMII
SKCIIEPUMEHTTIK JIepPEeKTepre HeTi3NeNreH MYKHUST
Tekcepyai Kaxer eteni [12].

3epTTeyaiH MakcaThl — KOHBEKTHUBTI aFbIHHBIH
JaMyBbl JKarJaibiHaa OMHAPIIBI a3 KOCTalapblHAaFbl
KOHIICHTpAIMsl OpICTepPiHIH KYPBUIBIMBIH Talfay
JKoHE KYHEHIH MEXaHUKAJIBIK Tere-TeHIIK
IeKapasapbIHbIH napaMeTpJIiK TOYCJAUIITIH
€CKEpeTiH CaHJBIK MaccaaaMacy MOZENiH Jd3ipiey
JKOHE OHBI Tekcepy. JKymbicTa MaccaanMacybiH

TUQQY3UITBIK ~ PEeXUMIHEH  KOHIEHTPALUSUIBIK
IPaBUTALMSUIBIK ~ KOHBEKLUS  PEXHUMIHE  OTYiH
CHIIATTANTBIH ©JIIIeMCi3 napaMeTpIiepai
KPUTHKAJIBIK MOHJIEpiH aHBIKTayFa epeKile Hazap
ayaapblUIaJIb. MexaHUKaJIBIK Temne-TeHIIKTIH
TYPAKTBUIBIFBl  THIPOJHHAMUKAIBIK — TYPAKTBUIBIK

TEOPHSACH MIEHOEPiH/E CaHIBIK MOJETBACY SJIiCTepi
apkpUIbl 3epTTeneni. ANSYS Fluent OarnapiamMalibik
naketiHig ~ [16—-19]  ecemTey — MyMKiHAiIKTepi
KOHILIEHTpALHs TPaJUCHTTEPIHIH KEHICTiK-yaKbITTHIK
JUHAMUKAChl MEH TYpPaKThUIBIK IleKapaiapbiH
Tajjay yiniH nainasaHbuiasl. JKyMmbicTa OMHApIIBI
aproH—a3oT ra3 KoOCHachl YIIiH MaccaajaMmacy
PEKUMIHIH ©3TepiCiHIH KPUTHUKAIBIK IIeKapachlH
TOXKIPUOECITIK )KOHE CaH/IbIK aHBIKTAY XKYPri3uii )KoHe
€CEeITENTeH HATIIKEJIEP TIKIPUOETiK MaJliMETTepMEH
JKaKChl COWKECTITiH KOPCETTi.

naijganaHy apKbUIbl OPBIHIAJIFaH, OHBIH Cys10achl 1-
cyperre kepceriireH. Juddys3usislk amnmapat
kesiemziepi Oipaeit exi konbanan (V, = Vi=69.5 cm?)
Typanbl, onap nuaMeTpi d = 3.4 mm KOHE Y3bIHIBIFBI
L = 70 mm 6onarbiH nudy3usiIblK apHa apKbLUIbI
e3apa OaillaHbICKaH. DKCIIEPUMEHTTEPIIH Y3aKThIFbI
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17 MHHYTTBI Kypansbl. ANSYS Fluent
OarmapilaManblK — KeImIeHI  epKiH  TeOMETPHSIIBI
G Gy3USUTBIK apHATIap B! YIIONIIEM T MOAETbACYTe
MyMKiHZiK Oepeni [20], coHpaii-ak TaHmanFaH
TEeHZeyJep J>KYHEeCiMeH cHUmaTTajaThlH (U3UKAIBIK
MpOIIECTepAl KOpPHEKI TYypIe BU3yaIH3alusIaydbl
KaMTaMachI3 €Te/Ii.

1-cypert - Inucdy3usibIK YAMIBIKTHIH KOHE €CeTITiK
MOJICTIB/ICY alMaFbIHBIH YIIOJIIISM I MOJCII

BuHapnel ra3 KoOCHacklH MOJENbICY Ke3iHne
ecernTey aliMarblH IMCKPETTEeY YIIiH apanac Top dfici
KoJmaneuabl. JKyHeHIH IWIMHAPIIK 3JI€MEHTTEpl
YIIOYPBIITHIK MEKTEYTi dJIEMEHTTepre HeTi3AereH
KYPBUTBIMCBI3 TOp apKBUIBI KYBIKTAJIBIT,
T y3UsUTBIK apHa TOPTOYPHIIITHIK 3JIEMEHTTEP/ICH
KypaJiFaH KYPBUIBIMJIBI TOP apKbLIBI MOIEIBICHI.
Byn Top Kypy cTpaTeruscsl KOHABIPFBIHBIH SPTYpIIi
OOJIKTEepiHIH TeOMETPHUSIIBIK, EPEKIIETIKTepiH THICTI
Typae eckepyre MyMKiHmiK Oepemi. 1 um
CHIIATTAMaJBIK TOp YSIIBIFBl OJIIEMIH TaHJay
MOJIEJIb TEOMETPUSICBIH JION  KaWTanmaybl JKOHE
CAHJIBIK LI MHIH TYPaKThI ColiKecTIriH
kamtamaceis erexi  [21].  Ilamamen 425000
JJIEMEHTTEH TYPATBIH €cenTey aiiMarbIHBIH >KaIlbl
pyKcar ety KaOinmeri OuHapibl ra3 >xyHeciHueri
MaccaaiMacy oHE apanacy IpoLecTepiH CEeHiIMi
CUMATTayFa  JKETKUMKTI.  YIIOYpBIITHI  >KOHE
TOPTOYPHIIITHI AIEMEHTTEPl OipiKTIpeTiH THOPHUITI
TOp MOJENBACY AN MEH ecenTey THIMILIIT
apachlHAaFbl OHTAWJIBI Tele-TeHAIKTI KaMTaMachl3

ereni. lunuappnik aliMakTapia — YIIOYpBIITHI
YAIIBIKTAPJBI  KOJJIAHY KHUCHIK OETTepi JypbIC
KYBIKTall ~KepceTyre MYMKiHIIK Oepemi, ai

1 y3usUIBIK apHaJaFrbl KYPBUTBIMABIK TOP €CENTey
LIBIFBIHAAPBIH AUTAPNBIKTANA a3aiTanbl. ¥ ChIHBUIFAH
ToCcI OMHapybl Ta3 KocHajlapblHAAFBl MpoLecTepi
CaHIBIK MOJAEJBJCY VIIiH €CenTey TOPHIH KYPYAbIH
Ka3ipri 3amMaHFbl ToXipuOenepiHe colKec Kele,
OHJa DJIEMEHT TYpJIepl MEH OIIIEeMICPiH TaHIay

allMaKTBIH T€OMETPHSUIBIK KYPICNIiIiri MEH ecentey
JIONJIITIHE KOWBUIATBIH TajalTap apachblHIAFbl Tere-
TEHIIIK HeTi31Hae aHbpIKTamansl [22].

Ar-N: xyWieciHaeri MaccaaaMacyblH MOJICIICY
aJFaKBl  TOXKIPUOENIK  IMapTTapAbl  €CKepiJIim
JKYPTIi3UIIi: OHIa aproH »KOFapFhl Kojiabama, aid a3oT
TeMeHri konbana opnaimackan [20]. TazmapasiH
MOJIEKYJIaJIbIK MaccalapblHbIH albIpMallbUIbIFbIHAH
TyBIHIAUTHIH oyt KOH(UTypanus KocIa
TBHIFBI3IBIF BIHBIH alKbIH TPaBUTAIUSITBIK
cTpaTH(UKAUSICHIH KaJIBIITACTBIPAbI KOHE
MEXAHUKAIIBIK Tene-TeHIIKTIH OY3bLTYBIMEH
0aliMaHBICTBI TIPOIIECTEPIl 3epTTeyre MYMKIHIIK
Oepeni. MateMaTHuKaNbIK MOAETbICY IEHOepiHAe ra3
TOPi3/li OpPTaHbIH PU3UKA-XUMHUSUIBIK CHITATTaMaaphbl
TYPaKTHI el KaObUAaHasl. THICTI mapameTpiepain
cauablk MoHaepi ANSYS Fluent OarmapiamMalibik
MaKeTiHe eHreH JePEKKOPHIHAH AJIBIHIBI.

Armmapar JKaOBIK Kyiie peTtiame
MOJIETIBICATEHAIKTeH, OHBIH OapJbIK IIeKapachiHaa
oTKi30eiTiHaiK (no-flux) maprrapel OenrinieHen.
MyHzaail  miekapajiblKk — IIApT  MAaTEMAaTUKAJIBIK
Typreljad  Oackapy  OeTiHAeri Ke3  KeNreH
MaccaaMacy/ibl OOJIIBIPMAii]Ibl, OChLIAMINIA KYHEH]
MaTepHaIbIK KypaMJacTapbl OOWBIHIIA CBHIPTKBI
OpTafaH OKIIayJaiabl. ApanacTelpy HpOIECiHIH
M30TepMIi OOJYbIH KaMTamachl3 €Ty VIINIH THICTI
JKBUTy NIEKAapalblK I[apTTapbl KOJAAHBUIIBL, ai
anmapaTThIH KOPITYChl KYPBUIBIMIBIK TOT OacTIaliThIH
OonmaTraH JKacalFaH KaTThl KaOBIpFa peTiHze
MOJIENIbACHl, OHBIH TEPMOJUHAMUKANIBIK >KOHE
OepikTik Kacuertepi ne crannapttsl ANSYS Fluent
MaTepuaniap KitanxanacbliHaH [21-23] anbHIBL

MexaHUKaNbIK TYPaKChI3JIbIKTaH TYbIHAANTHIH
KOHBEKTHBTI arblHAap 0OacTamkbl Ke3eHIe Kypiesi
SBOIFOIIUSIIBIK JTTHAMHAKaHBI KepceTei.
KoHBeKTHBTI arbIMAApABIH 3BOJIOIUACH OipHeIIe
Ke3eHHEH TYpaJIbI: HIaFbIH KOHBEKTHUBTI
OY3BUIBICTApABIH ~ CBI3BIKTBI  ©CYyi, TYPaKCBI3JIBIK
PEKUMIEPiHIH CBI3BIKTHI €MeC ©e3apa 9peKeTTecyi,
KOTIMAaCIITa0ThI BUXPIIIK KYPBUIBIMIAPIbIH
KaJBINTACYbIMEH TYpOYJCHTTI peXHUMIe OTy JKOHE
JKyie MapaMeTpiiepiMeH aHBIKTaJlaThIH Oacka Jja
epeKIIeIiKTep [20]. Oprypi KapKBIHIBI
KOHBEKTHBTIK aFbIMIapbl Oap opTajga OeJiiekTeMe
arbIHIApABI TANay YIIiH k- TypOyJIeHTTIK MOAETiH
[22-24] konmaHy OpBIHABI, O MaccaaaMmacy
NpOIECTepiH  KEH  ayKpIMAa KETKUTIKTI  JIo
cUmarTayra MYMKiHAIK Oepeni. bacrankel >xoHe
HIeKapaJbIK [apTTap KeJieciiel KOWbUIIbI: 0acTaIlKbl
yakpITTa AU (y3usi anmapaTbHBIH KOFApFbl JKOHE
TOMEHTI Koj0ajgapaa 9pTypili KOC ras Kocauaphbl
Oonmgpl. KoMIoHEHTTepAiH MOJSPIBIK —yJecTepi
THICTI TOPJBIK alMakKTapra “martd’ omici apKbLIbI
AHBIKTAJI/IbI.
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ANSYS Fluent 6Garnmapiamacbiaaa OuHapIIbI a3
KOCTaaapblH MOJIENTbACY KOMITOHCHTTEpre
(Maccamplk ~ ymectep Y; koHe Y>) apHaiFaH
TachIMaJJIay JKOHE KO3FAIBIC TEHACYJEPl apKbUIbI
XKy3ere achIpbuIajibl. Maccaaamacy MOJICKYJIAIbIK
XKoHe TypOyneHTTI IudQy3usHbl ecKepe OTBHIPHII
KOHBEKIHSA-AU(PPY3usi TCHICYICPIMEH CUTIATTAIa IbI,
aJl KOCTIaHBIH THIFBI3JIBIFBI TaHAAJIFaH KYH TeHACYyl
Ooiipiama ecenteneni. Dopmynamapra MaccCallbIK
yJIec YIIiH TackIMalaay TeHaeyi kipemi [21]:

(p )
— 4 V(puYy) = V(pDesfVY;) + Sy,

(D

(P ;)
——=+ V(puYy) = V(pDess VY; ) + Sy,

myHnarel Doy — dhdexruBri muddysusa, S;, S» —
KOMITOHEHTTEepAiH MYMKiH OOJaThlH MacCalbIK
Ke3Ziepl MEH JKYTBUTYbIH €CKEpeTiH >KajlbUlaHFaH
mymrenep.  KapacThIpbUIbIl  OTBIpFAaH — €cemTe
KOCBIMIIIA Macca Ke3/1epi JKOK.

CrannapTTsl k—w Mozenl JKapThLIai
SMIMPHKATIBIK TackIMal[iay TEHIEYJepl KyieciHe
HETi37eNTeH, OFaH TypOYJNeHTTI KHHETHKAJIBIK
SHEprus k koHe CHelnupUKAIBIK JUCCUMAIUSIIBIK
KBUIIAMIIBIK @ TEHACyJepl Kipemi, MyHIa
TypOYJICHTTI SHEPTUSHBIH TUCCUITAIHSIIBIK KbUTIaM-
IBIFBl &-HIH k-Fa KaThIHACHI PETiHJE aHBIKTaJIaJbl
[21].

d o
a(ﬂk) + a_x,-(pu k)

= g I Ok +G Yo + Sk +G
()

0 o
E(Pw) + a—xi(lm w)

axj © 0x;
MyHJarel G, ~—  opTama  SKbUIIAMJIBIKTBIH
rpajiMeHTIHEH TYBIHAAUTHIH TypOYJIEHTTIIK
HOTHXECIHAEe  Haiiga  OonaThlH  KHUHETHKAJBIK
SHEPTUsHBIH TY3UIyiH CHUIATTailabl; p — opTa
TBIFBIBABIFB, U = (Uy, Uy, Uuy,) JKBUITAMIBIK
BEeKTOpBl; G, — MEHIUIKTI JUCCUMNALUS >KbLIIaM-

JBIFBIHBIH (0 TEHEPaIMsChIH CHUIATTal/Ibl. bepiirexn
TeHJeysnep xywhecinae [ xoHe [, colikeciHie, k
XKOHE @ YIIIH THIMAI TypOyneHTTi AudQy3usHbI
cUnarTanpl; Y )koHe Y, — muccunanus myuiesnepi; Sk
MeH S, — NaiganaHyIlibl aHBIKTAWUTHIH OacTamKbl
mapTTap, OChl JKYMBICTa OJlap HOIre TeH Jel
ecenreneni [17]. i »koHe j HHAEKCTEP1 KOOPAWHATTAP
OolibpIHIIIa KOCBIHIBIHGI Olnnipeni (i,j = 1,2, 3).
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d Jw
[,—|+6G,—-Y,+S,+G,,

k—w mopmenmi ymiH 3¢QexkTuBTi IUPPY3UITBIK
KoaGUITUEHTTED KeTleci TeHaeyIepMeH Oepinesi:

Ut

L,=u+—

k=HT 5
. (3)

L,=p+=+

w=Hu o0
[lpanatiae TypOyNEHTTIK caHAApbl oy MEH O,
G y3USITBIK JKOJIMEH TachbIMaJIIaHaThIH
TypOYNEHTTI KHHETUKAIBIK YHEPTHSHBIH THIMILIITiH
JKOHE OHBIH IHCCHUIIALUA JKBUIIAMIBIFBIH
aHpIKTalApl. KonmaHelmraH MOZAENBAE Ok = 0 = 2

TYPaKTBl MOHAEp KaObUmaHraH. MOJeKyanblK
TYTKBIPJIBIK 4 TYPOYIEHTTI KHHETUKAJBIK SHEPTHUS k
JKOHE TUCCUTIAINS KBbUIIAM/IBIFBIHBIH 0 (PYHKIHUSICHI
OOMBINT TAOBUTATHIH TYPOYIEHTTI TYTKBIPIBIKIICH L
TOJBIKTBIPBLIA/IBL:

pk
ne = a2, ©)
MYHIAFbl 0¥ - TypOyIEHTTIK  TYTKBIPIBIKTHI

OOoCeHIETEeTIH JKOHE TYpPakThl a*=1 MoHTe we
ko urment [21].

1 >xoHe 2 3aTTap YIIiH E JKOHE E T G y3USITBIK

arpIHAAp Keneci (hopmynanap OoHBIHIIIA
AHBIKTAJIAIbI:
—> He
= —|pDy, + —) VY,
1 (P 1275 1
p &)
= t
J2= (PDlz + S_) VY,
YChIHBUIFAH MOAENBAC: L - TypOyneHTTi

TYTKBIPIBIK; Sc; = w/(pDy) — muar TypOyneHTTiK
caHbl, Sc,-TiH cTaHIapTThi MaHI 0.7 fen aybiHa bl D))
— o3apa aquddy3us koapdunmenti; T - Temneparypa.

Ozapa quddysus koddhdunuenti Dz Usnmen—
DHCKOT KHHETHKAaNbIK Teopuscel [21] OoiibHma
KeJieci popmysia OOMbIHIIA aHBIKTAIA I

1
1 1 2
7o+ )
[ Mw,l Mw,z

Dy, = 0.00186
12 pabsalzz-QD

(6

MyHnarel M, - Mompaik Macca (t/monb), T -
temrneparypa (K), pas — aOCOMOTTIK KbICBIM (aTM),
Qp - enmemci3  COKTbIFBICY  AU(PyY3UIIBIK
WHTETpallbl,  JKYHemeri  MOJIEKyNaJblK  e3apa
OPEKETTECTIKTIH MHTEHCHUBTUIIMH CaHABIK TYPFbIJIa
CUTIATTauIbI.

Bapneik ecentey Momenbaepi VIIH KBICHIM
oIiCiHe HETI3AENTeH TOClT KOoMmaHBUIABL Ecenrtey
CYHBIKTBIK ~JUHAMHUKAChl TEHJACYJIEPIH KEHICTIK
OOMBIHIIIA AUCKPETTEY YIIIH l-KecTene KepceTinreH
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cxeMmajap  maipanmaHsUinel, omap  [16, 18]
eHOCKTepiHIe ChIHAKTaH OTKI3UIIII, pacTaaFaH.

1-kecre. Hlenry Tacinmepi

[Tama Huckperrey

Gradient Least Square Cell Based
Pressure PRESTO!

Momentum Second Order Upwind
Turbulent Kinetic Second Order Upwind
Energy

Specific Dissipation Second Order Upwind
Rate

Pseudo Time Method Off

Transient Formulation ~ Second Order Implicit

Bepinren  mapamerpiep ANSYS  Fluent
OpTacBHIHAAFHI CAH IBIK MICTITIMHIH KOHPHUTYPAITHUSCHIH
cumaTTaiasl, Oackapy TeHAeyJepiHe KOJIIaHBUIFaH
JUCKpETH3alusl OAiCTepiH, IIamMalay cxemajlapblH
JKOHE MOJIeNbIey MpOIeCiHAe MNaiaanaHbUIaThIH
ecenTey aJrOpUTMAEPIH erKel-TerKel KepceTei.
TanganraH, KakChl AQJENJEHICH AUCKPETU3ALMS
CXEeMaJlapbIHBIH KOMOWHAIMSACHI CAHJIBIK IICIIIMHIH
IONJITI MEH ecemTey THUIMAIIT apachIHAAFbI
OHTAMJIBI TEMe-TeHIIKTI KamMTaMachl3 €Temi, Ol
KOHBEKTUBTI koHE JuPPy3usablKk TporecTepain
OipikTipinreH ocepi Oap Mocenmenep VINiH aca
MaHBI3[IBI JKOHE OCHI KJIACTBIH Moceneliepl YIIiH
apTHIKIIBUIBIKKA W€ TaHJuay OOJIBIT  TaOBLIAIBI
[21, 25].

CaHjbIK 3epTTeyJiepaiH HITHKeIePi KIHe TAIKbLIAY

Bunapnsl ra3 KocmalapblHBIH IUHAMUKACHIH
caHmplk Momenbney Ansys Fluent 2025 R2
Oarnapnamaisik opraceiaga Intel Core 15-12450HX
mporeccopsiMeH, 16 16 xenen xaapl xkone NVIDIA
GeForce RTX 3050 rpadukanplk yAeTKimiMeH
xabapikTamran Lenovo LOQ 15IAX9 ecentey

KyHecinge okyprizinmi. Ecenrey crenapuilinig
KYPACIUIrT MEH WTepalusyIblK KOHBEPTECHIUS
cumnarTaManapbiHa  OaiylaHbICTBI  Oip  ecenTey

TOKIpHUOECIHIH ~ Y3aKThIFbI 180
MHHYTKA JICHiH CO3BUIIBL.

2-cyper Ar-N:  OWHapibel ra3 >xyHeciHue
TeMmIeparypara Tayenai o napamerpiniH p = 0,584
MIla TypakThl KbICBIM MeH T = 17 mun apanacTeipy
YVaKbITBIHAAFBl MOHIH KepceTeli. o mapaMerpi
SKCHEPUMEHTTIK TYpJie allbIHFaH KOMIIOHEHTTIH
MOJIAPIIBIK yiieciH CtepaH—MakcBell1 TeHIeYJIepiHe
HerizgenreH Taza audQy3uAIbIK Maccaanmacy
Oomkampl OOWBIHIIA ECENTENIeH COWKeC MOHTe
KaTbIHACHI pPETiHAC aHbIKTanaasl. Ochbuiaiiima, o —
HaKTBl ~ MaccaanMacy  mpoueciHiy — anpgysus
PEKUMIHEH aybITKYybIH CaHIBIK TYpFhIOa Oaraiayra
MYMKIHJIIK O€peTiH HHTETPAIbIK CHITATTaMa.

Temmeparypa KeTepilireH CalibIH a
napaMeTpiHiH MoHIEpi MOHOTOHIBI TYpAE a3aibll,
Oipre KakpIHAAWABI, OYI TYpakThl auddy3us
peKMMiHE Coiikec kememi. o < 1 aiiMarbiHIa
9KCHEPUMEHTTIK AepeKTep Au(y3usITbIK )KybIKTaMa
OolibIHIIIA ecenTeyIepMEH JKaKChl COWKec KeJemi, ai
KOHBEKIMAJBIK ~ acepiep  OomMaiapl  Hemece
Oacenuerinren cunarra 6onansl. by KyObuIbIc ©3apa
muddysuss  kodpOUIMEHTIHIH apTybIMEH >KOHE
TBIFBI3BIKTEIH CTPAaTU(DUKAIIUACKHIHBIH POIiHIH Oip
ME3T1JIJIE a3atl0bIMEH OaMIaHBICTHI XKoHE OYJI JKYHEeHIH
MEXaHUKAJIBIK ~ TeMe-TeHMIrH  TypakTaHIbIPaIbl.
ANBIHFAaH o  TApaMeTpiHIH  TeMIeparypara
ToyeNailiri OepiireH TepMoOapabIK sKarmaiaapia

120 mMuHyTTaH

Ar-N: xyleciHOe KOHIEHTpALUsFa HEri3AenrexH
TPaBHUTAMSUIIBIK KOHBeKIUAAaH 1udPy3us pexxnmine
OTy LIeKapachlH aHBIKTayFa MYMKIHAIK Oepei.

a
8
|
6
|
4 i
2
I = B
300 320 340 360 T

2-cypert - p =0,584 MlIla, =17 mun xe3inmeri Ar —
N xyiieci YIIiH o TapaMeTpiHiH TeMIepaTypara
TOYEJJIUIITI: W, O - 3KCIIEPUMEHTTIK aepektep [20];
HYKTe ChI3bIK — udy3us O0mKaMbIHAa
HETI3/IeNITEeH ecenTey

CypeTTeH KepiHin TypraHmad, o>1 MaHzAepi
CaJIBICTBIPMAIBI  TYPAE TOMEH TeMIlepaTypaiapia
Oaiikananmel, OyJ SKCIHEPUMEHTTIK MaccaaiMacy
TUQPY3UUIIBIK ecenTeyneH acaThIHBIH KepceTe.

byn Kyhene MEXaHUKaJIBIK Tene-TeHIIKTIH
OY3BUTYBIH KOHE KOHIICHTPALUSIIBIK TPABUTALIUSIIBIK
KOHBEKITUSHBIH JlaMybIH KepceTesi, OHJa
KOHBEKITMSIUIBIK ~ aFBIHAAPABIH  TMaiga  OOIybl

MaccaanMacyblH KymenTeni. Ocbl TeMrepaTypajibiK
ayKbpIMIa MOJEKyJanblK Iuddysus maiina OomnraH
TBIFBI3MIBIK aYBITKYJIAPBIH OacyFa JKETKUTIKCI3 OOJIBIIL,
KOHBEKIMSJIBIK MEXaHU3MHIH Yiieci 6ackiM 0omapl.
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2-KkecTelle KOHICHTPALUATIApAbIH TIKIpUOETIK,
TEOPHSITBIK (Crean—Maxkcpemn TeHAeyepi
OoMpIHIIA) XoHe caHmblK ecenTik (ANSYS Fluent
OarmapiamacheIHAAFsl) MOHAEPi kenTipinreH. Kecrene
KepcetinrenneHt, p = 4,02 Mlla xpiceIM Ke3inae Ar—
N: xytieci yiriH TemeHri konbara nuddy3ustanran
apron  wMemmepi  297-353 K rtemmeparypa
apanbIFbIHAA TeMIepaTypaHbIq apTybIMEH
MOHOTOHIBI Typae eceni. ConsiMeH Katap, Credan—
MakxkcBerut TeHAeynepi OOWBIHINA aNBIHFAH €CENTiK
MoHIep  OalKamaThlH  MaccaliblK  TachbIMaJlJbl
arTapieikTail TomMmeH Oaranainbl, amr ANSYS Fluent
OarmapiraMaceIHAa KYPTi3iIreH MOJIENBJIEY
HOTHXKEJepl OYKUT TeMmIeparypa JIuana3oHbIHIA
TOKIpHOENiK JepeKTepMEH KaKChl COWKeC KeJel.
Bbyn JKOFaphbl KBbICBIM  JKarjalblHAAQ  Kyie
KOHIICHTPAIMSUIBIK ~ TPaBUTALMSUIBIK ~ KOHBEKITHS
aiiMarplHIA TepeH OpHaJlacKaH Ke3le MacCallbIK
TachIMaJIayabIH KOHBEKTHUBTIK MEXaHU3MIiHIH
TYpPaKTHI Type 0achIM OONAaTHIHBIH KOPCETET.

AnFamn KaparaHJa MyHIAH KepiHic 2-cyperre
KOPCETINTeH HOTHKETIEPCH o3relie OO KopiHei,
MYHJIa CaIIBICTBIPMANBI TYpJle TOMEH KbIChiMaa (p =
0,584  Mlla)  TemmepaTypaHbIH apTybIMEH
TOKIpHOENiK MONBAIK YyIllecTep, COHBIMEH Karap o
mapameTpi  azaipin,  OUGQY3USUTBIK  [IEKKe
yMTBUIaAbl. Anaiija, 2-CypeT MeH 2-KecTe KbIChIM
OOWBIHIIIA OPTYPJIl aliMaKTapra COWKeC KeNeTiHIH
XKoHE THICIHINE XYHeHIH «Inuhdy3us—KOHBEKIIHD
IeKapachlHa KATBICTHI SPTYPJIi KYHIe OpHalaCKaHBIH
atann eTkeH xeH. p = 0,584 Mlla xe3inue xyie
KPUTHKAIBIK  aiiMakka KakplH  OpHAaIacaipl:
TeMIIEpaTypaHblH  apTysl  e3apa  auddysus
KO3 QHUIIMEHTIH apTTHIPHIN, COHBIMEH KaTap THIMIII
Pasieii canbia ToMeHzieTe . Byl MeXaHUKaNBIK Tere-
TEHJIKTIH TypaKTaHybIHA KoHEe KOHBEKIIUS YJIECiHiH
a3aloblHA ANbIN KeJelli - HOTIKECIHAe o mapameTpi
Oipre YMTBUIAJIBI.

2-kecte. p =4.02 MIla xone t =17 mun Ke3iHe
Ar-N,  xyleci YIIiH TOMEHT1 Koy0ara
muddysustanran Ar Memepi

KomnoHeHTTepiH KOHIIEHTpaIUsIIapEI,
MOJIBJIIK YIIecTep

Zi“;ng) Crepan—
1% Okcmnepu- Maxcsenn Ansys
MmeHT [20] OolbIHIIIA Fluent

ecenTeireH
297 0.1403 0.0018 0.1349
313 0.1482 0.0020 0.1498
343 0.1534 0.0023 0.1614
353 0.1698 0.0024 0.1719

p = 4,02 Mlla xe3inae armai e3relie: Xyie
KOHBEKTUBTIK aliMaKTBIH TepeH OeJIriyae
OpHAJIACKAH  JKOHE  KapaCTBIPBUIBIIT  OTBIPFaH
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TeMIIeparypa IWana3oHBIHBIH OapJbIFbIHAA PEKUM
KOHBEKTHBTIK KYHIe cakTamamel. byn kxarmaibima
TeMIepaTypaHbIH apTysl 3aTTHIH JKAITITBI
TachIMAIIBIHBIH OipliaMa ecyiHe anbim kemedi (2-
KecTe), ajaija o IMmapaMeTpiH KalTa ecenTercHIe

OHBIH MOHZEpPl TeMmImepaTypa ©CKeH CalblH
TOMEH/CHAI, SAFHH KOHBEKTHBTIK TachIMAJIbIH
TP PY3UITBIK TacsIMaiaH CaJIBICTBIPMaJIbl

apTHIKIIBUIBIFET oncipeini. Ocpinaiiia, 2-kecte MeH
2-cypeT KapaMa-KalImbl emec, Kepiciame, 0ipiH-0ipi
TOJIBIKTHIPATHIH KYOBUTBICTAPIbI CUIIATTAMIBI: TOMEH
KbICHIMIapJia TEMIepaTypaHblH apTybl JKYHEHi
muddy3us 0acklM peXUMTIe ayBICTBIPCa, all )KOFaphl
KbICBIMJIapJla KOHBEKTHUBTIK PEXKHM CaKTalaibl,
Oipak TeMmIepaTypaHbIH ©CyiHe Kapali OHBIH
THIMILTIT] OIpTiHIEN TOMEHIEH I,

OKCIEPUMEHTTIK TACLITe KapaFaHIa CaHJIbIK
MOJIEIbICY ~ MaccaajiMacy  IPOILECIHIH  TOJIBIK
VaKbITTBIK ~ OBOJIOLMACHIH  KaJIblHA  KENTipyre
MYMKIHZIK Oepefi, OWTKEeHI AKCIEpUMEHTTE TeK
COHFBI YaKbITTaFbl KOHLCHTPALUSHBIH WHTETPAIIBIK
MOHI FaHa enmeHemi. byn Tocim Gactankel Ke3eHml,
oTIeN peXUMIEPAl *KoHe KBa3H-TYPaKTHI apajacy
KYPBUIBIMBIHBIH,  KaJIBINTACYbIH KAMTHUIBL, COHBIH
HOTHKECIHIE MEXaHUKAJIBIK Temne-TeHIIKTIH
TYPaKCHI3IBIK MEXaHM3MJIEPiH TEPEHIPeK Tajjayra
JKarIai xacanabl.

3a-cyperren kepinrenmed, 7 = 297 K
TemIeparypasaa aproH KOHLIEHTPALMACHIHBIH
YaKBITTHIK TOYEJIIJITi alKbIH OeicTaIllIOHAPIIBIKIICH
CUMAaTTaNajbl, OJ MaccaTaChIMAABIH YAyl MeH
Oastyliaybl KE3€KTeCill OTBIPAaThIH aiMaKTapAblH
nmaiiza OonmybIMeH KepiHemi. MyHpmali KepiHic
TP PY3USITBIK apHaja KOHBEKTHBTIK
KYpBUTBIMAAPIBIH OipTiHAen mnaijga 0oy, JaMysbl
JKOHE 1LIiHapa bIABIPAYbl HOTMXKECIHE TYbIHIAHIBI,
OyJ1 KOHLEHTPALMSIBIK IPABUTALMSIIBIK KOHBEKIHS
asICHIH/IA 3aT TACHIMAJBIHBIH UMITYJIBCTIK KYIIEIOiHe
okeneni. Temneparypanby 7 = 313 xone 343 K-re
neitin  aprysiMeH (3b, 3c-cypeTTep) YaKbBITTBIK
TOYeNJIUTIKTep Oipliama TericTeNnreH opi TYPaKThI
CHUIAaTKa ue 00IaIpl XKoHe (ITYKTYaIHsl aMIUTHTYAChI
azaiifaH  OpPHBIKTBl ~ KOHBEKTHBTIK  PEXHMHIH
KaJBINTACYbIH KepceTe/li. TemreparypaHblH ecyi
o3apa quddysus KOdPPUIMEHTIHIH apTybIMEH KaTap
THIFBI3JBIK CTPAaTU(HUKALUSICHIHBIH —CaBICTHIPMAIIbI
YJIeCiHIH TeMeHJAeyiMeH KaTap >Kypeli, COHBIH
HOTHXKECIHJIE KOHBEKTUBTIK aFbIHJIAP HMMITYJBCTIK
CHUIIaThIH JKOFAJITHIN, YaKbIT OOWBIHIIA aHAFYPIIBIM
perrenren kyire ereni. T = 353 K temmeparypana
(3d-cypeT) KHCHIK MOHOTOH[IBI OOJBIM, YaKbITTHIH
Oipkenki  (QYHKIMSICHIHA  JKaKbIHAAWABl. by
MaccaTachIMaJbIHBIH KBa3UCTALIMOHAPIIBIK CHUIATHIH
YKOHE XYHEHIH MEXaHUKAJIBIK TeIe-TCHAITIHIH OJlaH
opi TypakTaHybIH KepceTeli. bepinreH KpIchIMIa
KOHBEKTHBTIK MEXaHHM3M CaKTaJIFaHbIMEH, OHBIH
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KCHICTIKTIK-YaKbITTBIK ~ KYPBUIBIMBI  aHAFYPIIbIM
pEeTTeNreH cunaTtka ue OONaabl, al MOJICKYJIANBIK
G Gy3USTHBIH KaIMBl TaChIMaJIaFbl ylIeci apThlI,
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3-cypet - p=4.02 MIla xone =17 mun xe3inae Ar-N, xyieci yiIiH TOMEHT1 Kon0amarsl Ar
KOHIIEHTPAIHCHI ©3TePiCiHiH yaKbITKa Toyenniniri: a) 7=297 K; o) 7=313 K; 6) 7=343 K; B) T=353 K.

KopbIThIHABI

Byn  JkympicTa  TpaBHTAlMSJIBIK  epicTe
M30TEePMIIK apalacThIpy JKarJaibiHIa OMHAPIBl Ar—
N: Ta3 KocHachlHAa TeMIIepaTypPaHbIH MEXaHUKAJIBIK
TENe-TeH/IIK TYPaKTBUIBIFBIHA JKOHE MaccaaiMacy
CUIAThIHA OCEPIH 3KCIEPUMEHTTIK KOHE CaHJIbIK
ozicTep apKbUIBI 3epTTey Kyprizingi. Temmepatypa
TG Gy3US-KOHBEKISUTBIK  PEXKUMACPAIH KalbITa-
CYBIHJA MICHIYII P aTKApaThIHBI )KOHE KOCTAHBIH
TachIMajiay  KAacHeTTEPIH  ©3repPTe  OTBIPHII
T Py3UUIBIK KOHE KOHICHTPALUSAFa Heri3aesreH
TPaBUTAIUSITBIK, KOHBEKIUSA apakaThIHACHIH
OacKapaThIHbI KOPCETIIII.

TemriepaTypaHbIH KOTEpLTyl KOHIEHTPAIUSITBIK
TPABUTAIUSITBIK, KOHBEKI[USHBIH oncipeyine
OKeJeTiHi aHBIKTAJI/IbI, Oy TYPaKTBUIBIK
IIeKapachblHa KAKbIH JKEpPAeri MEXaHHKAJbBIK Tere-
TEHJIKTIH TYpaKTalTyblHJA 1a, JaMbIFaH KOHBEKIIHS
allMarbIHIAFPl  KOHBEKIMUIBIK — MaccaaliMacy/IbIH
CaJIBICTBIPMaJIbl THIMJLTITIHIH TOMEHICYIHIE e
KepiHic Tababl.

ANSYS Fluent OarmapnaManblK TaKeTiHIE
YIIeJIeMIi KoH(puUTyparusa MaccaanMacy
tenaeyiaepi MeH SST k—w TypOyJIeHTTIK Mojemi

ABTOpJIApABIH YJeci

KOJITAHBUIBIN JKYPTi3iireH CaHJABIK CHMYJISIUSIAP
HUHTETPAIIBIK Maccaaamacy cunaTTaManaphbl
OOWBIHINIA SKCIICPUMEHTTIK HOTIIKEICPMEH KaKChI
colikectirin  kepcerti. CaHABIK omicTiH OacTh
apTHIKIIBUIBIFEI  — apajiacy MpOIECIHIH  TOJBIK
YaKbITTBIK JJAMYbIH, COHBIH 1IIHJIE TYPAKChI3ABIKThIH
Oacramkpl Ke3eHI MeH KeHiHTi KBa3WU-TYPaKThI
KOHBEKTHUBTI KYPBUTBIMIAPIBIH KAaJIBINTACYbIH
KaJIblHAa KENTipy MYMKiHAiri. Byn KoHumeHTpanus
MOHJIEpIMEH MIEKTENreH SKCIEPUMEHTTIK oJIIeyiep
meHOepiH/Ie KO JKETKi3y MYMKIH eMec.

Anpiaran HOTIDKENEP TEeMIIEPaTypaHbIH
OMHApIIBI Ta3 KOCHAApPbIHAAaFbl MEXaHUKAJIBIK TEIe-
TEHJIK TYPaKTBUIBIFBIHA 3Cep eTYiHIH (U3UKAIBIK
MEXaHU3MJIEPiH AHBIKTAII, KOHIEHTPAIUSIIBIK
TPaBUTALIMSIIBIK KOHBEKIIMSHBIH TaOUFaThl TYCIHITTH

KeHeiTeni. YCBIHBUIFAH TACUI MEH aHBIKTaIFaH
3aHIBUIBIKTAp  THIFBI3ABIFBI  KabaTTackaH  ras
KyHenepinzeri  MaccaaaMacyibl — MOJEIbICYHe

KOJIIAHBLIYbl MYMKIH JKOHE YIIKOMIIOHEHTTI >KOHE
KOMKOMIIOHEHTTI Ta3 KOCHAJapblH OJaH  api
3epTTEYAiH HEri3iH Kypaibl.

B. MykaMeneHKBI3BI: dJicTeMe d3ipiiey, 3epTTey IKYpri3y, MOTIHAI PelaKIUsIIay JKOHE TOJBIKTHIPY, FHUTBIMU
KETEKIIIIK, K00aHbl 0acKapy, TYXBIpbIMIAMa Kacay, J>KapUsUIAHFaH >KYMBICTBI JaaiibiHaay; bBb. AkOepames:
OarmapiaaMalIbIK KOJ| TIEH KOJIIAYTIIbI AITOPUTMIEP/II iCKe achIpy; KOMIIBIOTEPITiK OaFaapiaManap il )kodanay, GopmMaasl
Tamay, oiCTeMEHI 93ipiiey, AePEeKTep i OHACY KoHe Oackapy, Koybka30aHbIH OacTankbl HYCKACBIH JaWbIHIAY KOHE

xKazy.

121



BuHap/bl rasz KocnanapblHAaFbl MEXAHWKANbIK Tene-TeHAIK TYPaKTblblfbiHA TemMNepaTypPaHblH 3CEPIH ...

91eduerrep

1. V. Kossov, H. Altenbach, Diffusion mechanisms of convective instability in liquid and gas mixtures, Z Angew
Math Mech. 103, €202300801 (2023). https://doi.org/10.1002/zamm.202300801

2. D.Livescu, J.R. Ristorcelli, M.R. Petersen and R.A. Gore, New phenomena in variable-density Rayleigh—Taylor
turbulence, Physica Scripta 2010(142), 014015 (2010). https://doi.org/10.1088/0031-8949/2010/T142/014015

3. A. Mialdun, H. Bataller, M. M. Bou-Ali, M. Braibanti, F. Croccolo, A. Errarte, J. M. Ezquerro, J. J. Fernandez,
Yu. Gaponenko, L. Garcia-Ferndndez, J. Rodriguez & V. Shevtsova, Preliminary analysis of Diffusion Coefficient
Measurements in ternary mIXtures 4 (DCMIX4) experiment on board the International Space Station, The European
Physical Journal E. 42, 87 (2019). https://doi.org/10.1140/epje/i2019-11851-6

4. Y. Gaponenko, A. Mialdun & V. Shevtsova, Experimental and numerical analysis of mass transfer in a binary
mixture with Soret effect in the presence of weak convection, The European Physical Journal E. 37, 90 (2014).
https://doi.org/10.1140/epje/i2014-14090-5

5. 0. Fedorenko & 1. Poyarkov, Instability of mechanical equilibrium in non-ideal gas mixtures. Recent
Contributions to Physics 2024(3), 116—124 (2024). https://doi.org/10.26577/RCPh.2024v90i3-014

6. V.Kossov, O. Fedorenko, D. Zhakebayev, V. Mukamedenkyzy and D. Kulzhanov, Convective mass transfer of
a binary gas mixture in an inclined channel. Z Angew Math Mech. 102, 201900197 (2022).
https://doi.org/10.1002/zamm.201900197

7. A.Vailati, S. Xu and S. Aime, Diffusion and convection in nature, European Physical Journal E. 44, 145 (2021).
https://doi.org/10.1140/epje/s10189-021-00148-0

8. N.B. Ankusheva, V.N. Kossov & V.D. Seleznev, Effect of diffusion channel inclination on stability of
mechanical equilibrium in isothermal binary gas mixtures,J App! Mech Tech Phy.51, 62-64 (2010).
https://doi.org/10.1007/s10808-010-0009-y

9. G. Ahlers, S. Grossmann & D. Lohse, Heat transfer and large scale dynamics in turbulent Rayleigh-Bénard
convection, Rev. Mod. Phys. 81, 503 (2009). https://doi.org/10.1103/RevModPhys.81.503

10. R. Liyanage, Direct comparison of density-driven convective mixing in a three-dimensional porous medium,
Physical Review Fluids 9, 043802 (2024). https://doi.org/10.1103/PhysRevFluids.9.043802

11.A. Banerjee, Rayleigh-Taylor Instability: A Status Review of Experimental Designs and Measurement
Diagnostics, Journal of Fluids Engineering 142(12), 12-29 (2020). https://doi.org/10.1115/1.4048349

12. V.N. Kossov, S.A. Krasikov, S.M. Belov, O.V. Fedorenko, M. Zhaneli, Comparative study of evolution of
structured flows at boundary of the regime change “diffusion — concentration convection” in isothermal multicomponent
mixing in gases by techniques of visual and numerical analysis, Bulletin of the Karaganda University “Physics” series,
109(1), 49-58 (2023). https://doi.org/10.31489/2023ph1/49-58

13.V. Kosov, O.V. Fedorenko, M.K. Asembaeva, V. Mukamedenkyzy, Changing diffusion-convection modes in
ternary mixtures with a diluent gas, Theor. Found. Chem. Engin. 54(2), 289-296 (2020).
https://doi.org/10.1134/S0040579520020086

14. T. Qiu, C. Li, Y. Zhang, W. Ge, HS-PPM simulation for diffusion coefficients of binary and multicomponent
gas mixtures, AIChE Journal, 71(9), e18891 (2025). https://doi.org/10.1002/aic.18891

15. V.V. Dil’man, V.A.Lotkhov, Molecular turbulent evaporation in a gravitational field, Theoretical Foundations
of Chemical Engineering, 49(1), 102—106 (2015). https://doi.org/10.1134/S0040579515010017

16. V.N. Kossov, V. Mukamedenkyzy, A. Tolepbergen and H. Altenbach, Peculiarities of combined mixing caused
by instability of mechanical equilibrium of isothermal ternary gas mixture at diffusion, International Journal of Chemical
Engineering 1, 9643371 (2025). https://doi.org/10.1155/ijce/9643371

17.T. Qiu, C. Li, Y. Zhang and W. Ge, HS-PPM simulation for diffusion coefficients of binary and multicomponent
gas mixtures, AIChE Journal 71(9), 18891 (2025). https://doi.org/10.1002/aic.18891

18. V. Mukamedenkyzy, A.G. Tolepbergen, Some features of rayleigh-taylor convection in the mixing of ideal gas
mixtures, Recent Contributions to Physics 92(1), 110-119 (2025). https://doi.org/10.26577/RCPh202592112

19. D.B. Zhakebayev, O.V. Fedorenko, V.N. Kossov, V. Mukamedenkyzy and O.L. Karuna, Simulation of
concentration convection in an inclined channel, Heat Transfer Research 53(15), 39-52 (2022).
https://doi.org/10.1615/HeatTransRes.2022043133

20. A.Y. KynpxaHoB, YCTOHUNBOCTh MEXAaHWIECKOTO PABHOBECHS B OMHAPHBIX Ta30BBIX CMECSX MPH PA3ITHIHBIX
Temrepatypax, Recent Contributions to Physics Cep. dus. 2, 115-118 (2002).

21. User’s ANSYS Fluent Guide, Release 2025. ANSYS Inc., Canonsburg, PA, USA. https://www.ansys.com/

22. H. Kutkan, J. Guerrero, Turbulent premixed flame modeling using the algebraic flame surface wrinkling model:
a  comparative study between OpenFOAM and ANSYS  Fluent, Fluids 6, 462  (2021).
https://doi.org/10.3390/fluids6120462

23. N. Slavinskaya & O. Haidn, Direct numerical simulation of spray and dispersion of liquid fuel droplets, Recent
Contributions to Physics 2023(1), 72—80 (2023). https://doi.org/10.26577/RCPh.2023.v84.i1.09

24. O. Nouhaila, M. Hassane, M.L. Scutaru and L. Jelenschi, On the accuracy of turbulence model simulations of
the exhaust manifold, Applied Sciences 14, 5262 (2024). https://doi.org/10.3390/app14125262

122


https://doi.org/10.1002/zamm.202300801
https://doi.org/10.1088/0031-8949/2010/T142/014015
https://doi.org/10.1140/epje/i2019-11851-6
https://doi.org/10.1140/epje/i2014-14090-5
https://doi.org/10.26577/RCPh.2024v90i3-014
https://doi.org/10.1002/zamm.201900197
https://doi.org/10.1140/epje/s10189-021-00148-0
https://doi.org/10.1007/s10808-010-0009-y
https://doi.org/10.1103/RevModPhys.81.503
https://doi.org/10.1103/PhysRevFluids.9.043802
https://doi.org/10.1115/1.4048349
https://doi.org/10.31489/2023ph1/49-58
https://doi.org/10.1134/S0040579520020086
https://doi.org/10.1002/aic.18891
https://doi.org/10.1134/S0040579515010017
https://doi.org/10.1155/ijce/9643371
https://doi.org/10.1002/aic.18891
https://doi.org/10.26577/RCPh202592112
https://doi.org/10.1615/HeatTransRes.2022043133
https://www.ansys.com/
https://doi.org/10.3390/fluids6120462
https://doi.org/10.26577/RCPh.2023.v84.i1.09
https://doi.org/10.3390/app14125262

B. MyKkameeHKbI3bl aHe b. Akbepanes

25. M. A. Abd Halim, N. A. R. Nik Mohd, M. N. Mohd Nasir and M. N. Dahalan, The Evaluation of k-¢ and k-®
Turbulence Models in Modelling Flows and Performance of S-shaped Diffuser, International Journal of Automotive and
Mechanical Engineering 15, 5171-5177 (2018). https://doi.org/10.15282/ijame.15.2.2018.2.0399

Aemopnap mypanvt manimem:

Benepa Mykamedenxuizol, QusuKa-mamemMamura blibLMOAPbIHbIY KAHOUOAMbL, KAYbIMOACMbIPLLIZAH NPOdeccop.
on-@apabu ameindasvl Kazax ynmmeix ynueepcumemi, (Aimamot, Kazaxkcman, e-mail: mukameden@inbox.ru).

bexocan Axbepoues (aemop-koppecnonoenm), PhD cmydenmi, A6ati amvinoazer Kazax ynmmolx nedazoeuxaivik,
yyusepcumemi, (Armamei, Kazaxcman, e-mail: bekzhanakberdiyev@gmail.com).

Information about authors:

Venera Mukamedenkazy, PhD in Physics and Mathematics, Associate Professor. Al-Farabi Kazakh National
University, (Almaty, Kazakhstan), e-mail: mukameden@inbox.ru).

Bekzhan Akberdiyev(corresponding author), PhD student, Abai Kazakh National Pedagogical University, (Almaty,
Kazakhstan, e-mail: bekzhanakberdivev@gmail.com).

Hugpopmayusa 06 asmopax:

Benepa Myxamedenkwvizol, kKanoudam Quauko-mamemamuyeckux HayK, accoyuuposannwlil npogeccop, Kasaxcrui
HayuoHaibHolil yHueepcumem um. aib-Dapabu, (Aimamet, Kazaxcman, e-mail: mukameden@inbox.ru).

bBexowcan Axbepoues (asmop-xoppecnonoenm), PhD cmydenm, Kaszaxckuti nayuonmanvhvili neodacoeuieckutl
yrusepcumem um. Abas, (Armamol, Kazaxcman, e-mail: bekzhanakberdivev@gmail.com).

Maxkana mapuxwei: mycmi: 22 aknan 2026, myzemindi: 14 cayip; kabwinoanowsi: 21 mamvip 2026.
Article history: received: 22 February 2026, revised: 14 April; accepted: 21 May 2026.
Hcemopus cmamou: nocmynuna: 22 gespans 2026, nocae oopabomru 14 anpens; npunusma: 21 mas 2026.

123


https://doi.org/10.15282/ijame.15.2.2018.2.0399
mailto:mukameden@inbox.ru
mailto:mukameden@inbox.ru
mailto:bekzhanakberdiyev@gmail.com
mailto:mukameden@inbox.ru
mailto:bekzhanakberdiyev@gmail.com


    𝜕 ( 𝜌   Y 2 )  𝜕 t +   𝛻  ( 𝜌   u   →   Y 2 ) = 𝛻  ( 𝜌   D  e f f     𝛻   Y 2   ) +   S 2 ,


    𝜕  𝜕 t  ( 𝜌 k ) +   𝜕  𝜕   x  i  ( 𝜌   u   → k ) =   𝜕  𝜕   x  j  (   𝛤  k   𝜕 k  𝜕   x  j ) +   G  k −   Y  k +   S  k +   G  k ,


    𝜕  𝜕 t  ( 𝜌 𝜔 ) +   𝜕  𝜕   x  i  ( 𝜌   u   → 𝜔 ) =   𝜕  𝜕   x  j  (   𝛤  𝜔   𝜕 𝜔  𝜕   x  j ) +   G  𝜔 −   Y  𝜔 +   S  𝜔 +   G  𝜔 ,


    G  k


    u   → = (   u  x ,   u  y ,   u  z )


  i ,   j = 1 ,   2 ,   3


    𝛤  k = 𝜇 +     𝜇  t    𝜎  k


    𝛤  𝜔 = 𝜇 +     𝜇  t    𝜎  𝜔


    𝜇  t =   𝛼 ∗   𝜌 k  𝜔 ,


      J 1 →


      J 2 →


      J 1 → = −  ( 𝜌   D 12 +     𝜇  t  S   c  t )


      J 2 → = −  ( 𝜌   D 12 +     𝜇  t  S   c  t ) ∇   Y 2


    D 12 = 0 . 00186      [   T 3  (  1    M  w , 1 +  1    M  w , 2 ) ]    p  a b s   𝜎 12 2   𝛺  D   1 2 ,                 ( 6 )

