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NUMERICAL ANALYSIS OF CONVECTIVE MOTIONS
OCCURRING UNDER ISOTHERMAL DIFFUSION IN THE VERTICAL
CHANNELS IN TERNARY GASEOUS MIXTURES

Abstract. There is a wide variety of mixing regimes in a multicomponent gas mixture. Solution of the issues
related to the boundary determination of change in the diffusion-convection regimes in multicomponent mixtures,
the parameters indicating the occurrence of a convective regime are important for the problems of convective mass
transfer.

The paper proposes a computational model on the study of diffusion isothermal transport in ternary gas
mixtures having different ratios between the transport coefficients over time by means of 2-D modeling in a vertical
cylindrical channel of finite dimensions.

The isothermal diffusion mixing in three-component gas mixtures in cylindrical vertical channels is considered
by the splitting method into physical parameters. It is shown that in systems where the diffusion coefficients of the
components are comparable with each other, the instability of mechanical equilibrium is impossible. Convective
motions may arise for systems in which there is a significant difference in the diffusion coefficients of components.
Flows with low velocities arise at the initial stage. Then, developed structured currents are realized. The results of
the calculations are in satisfactory agreement with the experimental data, which makes it possible to recommend the
proposed approach for determining the boundary of change in the diffusion-to-concentration convection regimes in
gas mixtures.
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YuceHHbINH aHAJIN3 KOHBEKTUBHBIX JBUKEeHHUI, BO3SHUKAKLIUX
npu u3orepmuyeckoii 1u¢@y3nn B BepTUKAILHBIX
KaHAJIaX B TPEXKOMIIOHEHTHBIX ra30BbIX CMeCIX

AnHOTAIHs1. B MHOTOKOMITOHEHTHBIX Ta30BBIX CMECSIX HMEET MECTO OOJIBIIOE PA3HOOOPA3HE PESKUMOB CMETIe-
Hus. PerneHme BONPOCOB CBSI3AHHBIX C ONPEICICHHUEM TPAHWIBI CMEHBI PSKUMOB «IH((Y3HSI — KOHBEKUHSI» B
MHOTOKOMIIOHEHTHBIX CMECSX, IApPaMETPOB ONPEACILIFOINMX BO3HHKHOBCHHME KOHBEKTHBHOTO PEXXHMA SIBILIHOTCA
BAKHBIMH JJIS 33124 KOHBEKTHBHOTO MacCOTICPEHOCA.

B pabote mpennaracTca pacueTHas MOJCIb IO H3YHYCHHIO IU(P(Yy3HOHHOIO H30TEPMHYECKOrO HEPEHOCA B
TPEXKOMIIOHCHTHBIX Ta30BBIX CMECSX C PA3NMUYHBIMH COOTHOIICHISIMH MEXAy KOI((PHIHCHTAMH IIEPEHOCA C
TCUCHUEM BPEMCHH IOCPEACTBOM 2-[) MOJCIHPOBAHHS B BEPTHKAJIHHOM INUIMHAPHYCCKOM KAHANE KOHCYHBIX
pa3MepoB.
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MeromoM pacmenicHdsT 1Mo (PU3MUECKHM IAPaMETPaM PacCMOTPEHO H30TepMmueckoe au((y3nOHHOE
CMCIICHUE B TPEXKOMIIOHCHTHBIX I'a30BBIX CMECIX B IIHMHAPHUCCKUX BCPTHKAJBHBIX KaHATax. [IokazaHo, 4TO B
cucremax, rae KodpduuueHTs! AUPQY3MH KOMIOHEHTOB CPAaBHHMBI JPYT C JpPYTOM, HEYCTOHYHMBOCTH
MEXaHWICCKOTO PABHOBECHS HEBO3MOXHA. [l CHCTEM, B KOTOPBIX HMEET MECTO CYIICCTBCHHOE OTIIMYHC
k03 pummenros quddy3nr KOMIOHEHTOB MOTYT BO3HHKHYTh KOHBCKTHUBHBIC ABIDKCHHA. Ha HauameHON cramum
BO3HHKAIOT TCUCHUS C MAaJbIMH CKOPOCTSMH. 3aTEM PEaJHM3YIOTCS PA3BHUTBIC CTPYKTYPHPOBAHHBIC TCUCHHS.
PesympTaTsl pacueToB HAXOAATCS B YAOBJICTBOPUTCIHHOM COTJIACHHM C OIBITHBIMH JAHHBIMH, YTO TIO3BOJIICT
PEKOMCHAOBATh IPEAIAracMbli MOAXOM UL ONPEICHCHHS TPAaHUIBI CMEHBI PEXUMOB «audpdysms —
KOHICHTPAIMOHHAS! KOHBEKIMS» B TA30BBIX CMECAX.

Kmrouernie ciioBa: qudys3usa, KOHBEKIHA, TA3bl, CMCCH, YNCICHHBI aHAJA?,

Beeaenne

B MHOTrOKOMIOHCHTHBIX Ta30BbIX CMECSAX CYIISCTBYCT OOJBIIOC PA3HOOOPA3UE PEIKUMOB
cvemmeHud| 1]. MHTCHCHBHOCTE MACCONCPCHOCA B HUX OMPCIACACTCS MOJCKYSIPHBIM, KOHBCKTHBHBIM, a
Yamme BCETO COBMECTHBIM JEHCTBMEM NEPEUMCICHHBIX pexuMoB. [Ipm 3roM mpakTwdeckn He
MPUHHAMACTCS BO BHUMAaHHUE (akT, 4To MONCKyJApHas Au(Py3us MOKET NPUBECTH K HEYCTOWYHBOCTU
MEXaHHYECKOTO PAaBHOBECHS CMECH C IOCIEAYIOIMAM BO3HMKHOBEHHEM €CTECTBEHHONH KOHBEKIHM,
KOTOpas 3aMETHO HHTCHCU(UIIUPYET CyMMapHbIii MacconepeHoc|2]. IlpuueM BO3HUKHOBEHUE U PA3BUTHC
KOHIICHTPAIIMOHHOW KOHBEKIMH IPOMCXOAWT HE TOMBKO B pPaMKaxX TPATWUIHMOHHBIX NPEACTABICHHH
TCIUIOBHX 3amau Ponea[3], HO w amg cuTyamuii, KOrAa JABWKCHUS BO3HHUKAIOT IPH  VCTOMYHUBOH
cTtparudukanyu B m3oTepMudecKor  cmecu[4,5].B  ombiTax 10 HM3VICHHIO  CMCIICHHUS B
MHOTOKOMITOHCHTHBIX cHcTeMax [6], auddys3un cMmecH mapoB pacTBOPOB B HHEPTHHIU ras|7| Obuin
3aperUCTPUPOBAHBI KOHBEKTHBHBIC TCUCHHS, IPUBOISINNC K CHHEPreTHIECKOMY 3¢¢EKTY, CBI3aHHOMY CO
3HAYUTEIBHBIM YBEIUIEHUEM CKOPOCTH CMEIIEHN KOMIIOHEHTOB cucTeMbl. [loaToMy permenre Bonpocos
CBSI3aHHBIX C ONPEACICHUEM MEXaHHU3Ma CMCHBI PEKUMOB «IU(Py3Hs — KOHBEKUUI» B MHOTOKOMIIO-
HEHTHBIX Ta30BBIX CMECIX, IapaMeTPOB OIPEACSIIIOINX BO3HUKHOBEHHE KOHBEKTHBHOTO PEXHMa
SIBIIIOTCS BAXKHBIMHE I 3329 KOHBEKTHBHOTO MaCCOTIEPEHOCA.

B pabote npeanaractcs pacueTHas MOAETp MO H3YUCHHIO JU(PVZHOHHOTO H30TCPMUUCCKOTO
IIEPEHOCAa B  TPEXKOMIIOHEHTHBIX Ta30BBIX CMECAX C pPA3IMYHBIMA COOTHOIICHHUAMH MEKIY
ko3ddrieHTaMH IEPEHOCA C TCUCHHEM BPEMEHH MOCPEACTBOM 2-D MoaenupoBaHHs B BEPTHKATBHOM
IMUTMHAPWYIECKOM KaHaJle KOHEYHBIX paszmepoB. IIposoamTcs cpaBHEHHME MEXKAY PACUECTHBIMH
pE3yIbTaTaMH U ONBITHBIMH JAHHBIMH.

BazoBrie ypaBHenust

KonBekTHBHOE cMeIIEHHE H30TEPMUICCKOH TPOHHON ra30BOH CMECH OIMUCHIBACTCS OOIIECH CHCTEMOM
VPaBHCHHH THAPOAWHAMUKH, KOTOpas BKIIOYACT B ceOs 3amuicaHHble B mpuOmMmkeHHH byccuHecka
ypaBraeHust HaBbe-CTOKCA, COXPAHCHUS YHCIA YACTHI CMECH U KOMIOHEHTOB |6, 8-10]. Ilpunumas Bo
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3aeck U — BEKTOP CPEIHEMACCOBOM CKOPOCTH, V — BEKTOP CPEAHECUHCIOBOH CKOPOCTH, p —
IVIOTHOCTB; p — JABICHHUE, #§ U ¢ — KO3 UIMEHTE CABUTOBOH M OOBEMHOM BA3KOCTH, £ — BEKTOP

YCKOPEHHUSI CBOOOJHOTO MAACHUS, 7 — YHCIOBAs IUIOTHOCTB, ! — BPEMS, ¢; — KOHLCHTPALMS I-TO

—

*

KOMIIOHCHTA, j,-_ BEKTOP TUIOTHOCTH An((Y3HOHHOTO MOTOKA i-T0 KOMITOHCHTA; Dl.j — MNPaKTHUYCCKHE

ko3¢ dunueHTsl 1u(dy3Un, KOTOPBIE OIPEACAIOTCS Yepe3 KodhduuueHTs B3anMHoH auddysuu Dj;
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CucremaypaBraeHHH (1) ZONOMHACTCS YPAaBHEHUEM COCTOSHUS CPEIBI
p=plc,c,, p), 1 =const )

Ympoctum (1), (2) ucnoas3yst Mmeroa Maasix Bo3mylueHuii [8-10], B koTopoM mpeamonaracTes, 4ro
KOHLICHTPALMIO /-T0 KOMIOHCHTA ¢; W AABICHHUE PHPECICTABHM B BHAC CYICPIO3MLMH MOCTOSHHBIX
CpeAHUX 3HAYCHHH <c >, <p>, NPUHHMACMBIX B KaYCCTBC HAa4asla OTCUCTA M MANBIX BO3MYILUCHHUH ¢/, p'
CJICaY FOIIUM 00pa3oM:

¢, ={c)+c. p={p)+p.

Boamyienus ¢;', p' Maiabl 1 00YCIOBICHHBIC UMH OTKJIOHCHHS TJIOTHOCTH €' OT CPEIHETO 3HAUCHUS C
= ¢(<c¢c>, <p>) Majbl MO0 CPABHCHHUIO C Cp, & TAKKE CUMTAsS, YTO PA3JIUUYUS B BO3IMYIICHHBIX 3HAYCHHUSIX
CKOpPOCTCH HE CylecTBeHHBI [8], cuctemy ypaBHeHHi (1) BO3MOMXKHO CBECTH K BO3MYINCHHBIM
YPAaBHECHUSAM (LITPHUXH OMYIICHBI) CICAYIOIIETO BUAA
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