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Knioueswie cnosa: uucnennoe modenupoganue, niockoe meuenue, pacnpeoeienue 21a8HbIX HanpsICeHull.

Hannas cmames noceawena u3yyeHur0 medeHus 6:3K0U HbIOMOHOBCKOU JHCUOKOCHU, 8 NPSAMOY20AbHOU NOLOCMU C
OBUINCYWUMUCA SPAHUYAMU 8 NIOCKOU nocmanoske. Teuenue JHCUOKOCMU BbI3bIBACMCS OBUNCCHUEM MPEX OBUICYUUXCS
cmeHok norocmu. Yemeepmas cmenka ocmaemcsi HenoO8UIICHOU. JJaHHOe NOCMAHOBKA 3a0a4u MOOerupyenm npoyecc
cMeuleHusi 8 Kauaie NiaHemapro2o sxkcmpyoepa. Ilodobnoe ynpowjenue mem He MeHee COXPAHSEM KA4eCMBEHHYIO
KaApmMuHy meyenusi HCUOKOCMU U NO380Asem O00bACHUMb Iphexkmul, C8A3aHHbIE C POCMOM HANPAICEHUL 8 VLOBbIX
moukax norocmu. IIpednonazaemcs, umo 603mModiCHble MEEPObLE GKAIOUEHUS, 8XO0SWUEe 8 COCNAE NEPeMeUt8aemMblx
arcuoKocmetl, AGAAIOMCS O0CMAMOYHO MATLIMU U He GIUAIONM HA KAPMUHY MedeHus JCUuoKocmu @ amou nonocmu. Takoice
npeononazaemcs, Ymo HUOKOCHb Yoice s8Iemcsi 0OHOPOOHOU Cpedoll U He 001a0aen HeHbIOMOHOBCKUMU CEOUICIBAMUL.
3aoaua pewaemcs memooom kommponvHvix obvemos (MKO), xapakmepusyrowuiicsi c60UCMEOM KOHCEPEAMUBHOCMU,
BbINOTHEHUEM UHMESPATbHLIX OANAHCO8bIX coomuowenull. Lenvlo oannol pabomul A6nsemcs UCciedo8anue NOMoKog
AHCUOKOCU 8 UCCLEOYeMOTi NOIOCU, d MAKICe 8 OKPECIHOCMU VllO8bIX 30H. J[iisi 00CmudiceHust NOCMAgieHHON Yelu
ObLIU UCCTEO08AHBL TUHUL MOKA 8 UCCLe0yeMOoll 001ACMU, a MAKHCe PACHPeOeNleHUs HANPAXCEHUL 8 PASTUYHBIX CeYeHUAX
nonocmu. Ilonyuennvie pe3yismanivi MOOEIUPOBAHUsE NO3GONSIOM NOLYHUMb PACIPEOeLeHUs: NEPEOLL PASHOCMU 2NAGHbIX
nanpsicenuti (PSD) 6 pasnvix ceuenusix norocmu, umo no3goisiem OYyeHumy GusiHue 3ACMOUHbIX 30H 8 OKPECMHOCMU
Venoguix mouek Ha obwylo Kapmuny meuenus. B pabome npedcmagnenvi Kapmumbl JUHUL MOKA, NO3601AI0UUE
npoananuszuposams cmpykmypy meuenus. Kpome moeo, npedcmasnenvt u301uHuy pasHocmu 2na6HuIX HaANPI’CeHuil 6,
obracmu meuenus. Obcyxcoaemces aUAHUE USMEHEHUSI HANPANCCHUL 8 OKPECMHOCU Y2N08bIX MOYEK HA CIMPYKMypy
meuenus scuoxkocmu. Tloxazano, umo 3acmoiinvie 30Hbl XAPAKMEPUZYIOMCS AHOMALLHLIM POCIOM HANPAICEHUU, YMO
CBA3AHO 8 MOM HUCTE U C CUHSYIAPHOCIIBIO NOBEOCHUS. HANPSICEHUL 8 3ACMOUNBIX 30HAX.
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MATHEMATICAL MODELING OF FLUID FLOW IN A RECTANGULAR CAVITY
WITH MOVING BOUNDARIES
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This article is devoted to the study of viscous Newtonian fluid in a rectangular cavity with moving boundaries in a plane
setting. The treatment of the fluid causes the movement of three moving walls of the oral cavity. The fourth wall remains
stationary. This formulation of the problem models the mixing process in the channel of a planetary extruder. Such
simplification nevertheless preserves a qualitative picture of the liquid flow and allows us to explain the effects associated
with the growth of stresses at the corner points of the cavity. It is assumed that possible solid inclusions included in the
mixed liquids are small enough and do not affect the flow pattern of the liquid in this cavity. It is also assumed that the
liquid is already a homogeneous medium and does not have non-Newtonian properties. The problem is solved by the
method of control volumes (MCV), characterized by the property of conservatism, the implementation of integral balance
relations. The purpose of this work is to study the fluid flows in the cavity under study, as well as in the vicinity of corner
zones. To achieve the set goal, the flow lines in the studied area were investigated, as well as the stress distributions in
different sections of the cavity. The obtained modeling results allow us to obtain the distributions of the first difference
of principal stresses (PSD) in different sections of the cavity, which allows us to evaluate the influence of stagnant zones
in the vicinity of corner points on the overall flow pattern. The paper presents flow line patterns that allow the flow
structure to be analyzed. In addition, isolines of the difference in principal stresses in the flow region are presented. The
influence of stress changes in the vicinity of corner points on the structure of fluid flow is discussed. It is shown that
stagnant zones are characterized by an abnormal increase in stresses, which is associated, among other things, with the
singularity of stress behavior in stagnant zones.

MaTtemaTnyeckana noctaHoBKa C TOYHOCTBIO JIO aJIMTUBHOM IOCTOSIHHOM; V =
i+o/loy j+ 0loz k-
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MATEMATHUYECKOE MOJIEJIMPOBAHUE TEYEHMS )KUIKOCTHU B IPSIMOYTOJIbHOM IMMOJIOCTH

0/0x

; omepanus Vv o0o3Hadaer

KOCTH C IIOCTOSIHHOM IIJIOTHOCTBIO B IUIOCKOM 3aMKHYTOM
001aCTH C MOIBMKHBIMH CTEHKaMH. TedeHne KUIKOCTH
WHIYIHAPYIOTCS IBIDKEHHEM CTEHOK M OTIMCBHIBAETCS CH-
CTEMOM ypaBHEHUH B 4YaCTHBIX IpPOM3BOAHBIX HaBbe-
Croxkca [1-5].
V-v=0, (1)
p(5+7-V8)=Vp+V-7 (2)
T7e t - BpeMs; V — BEKTOp CKOPOCTH; T =21nD — eBuatop
HANPSKEHWs; D - TeH3op ckopocTedl medopmarmm;
n=0.1 Tla:c —nmuWHAMHWYecKas BS3KOCTh; IUIOTHOCTh
xuakoctd p=1000 xr/mM3; p — naBieHHe, OTPEAETIIEMOE
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CKaJIIPHOE YMHOKeHHe BekropoB V. u v . Ilpunsras
BSI3KOCTh KHMIKOCTH XapaKTEPH3YeT €€ KaK JOCTATOYHO
BSI3KYIO C BS3KOCTBIO ITPEBBIIIAOIIYIO BI3KOCTH BOIBI.

B mHacrosmelt pabore o0nmacTe TEUEHHUS KHUIKOCTH
MPEACTABIIETC B BHAC  KBAIPAaTHON  IOJIOCTH.
Cxematndyeckoe  H300pakeHWE€  OONacTH  TEUCHHS
JKUJIKOCTH B KBaJPATHOM TOJIOCTH IPEICTABICHO HA PUC.
1, Toe cTpeNkaMu yKa3bIBacTCs HANIPABICHUE JABIKCHHUS
MOABMKHBEIX cTeHOoK, a I'l, I'2 I'3, T'4 o6Go3HauaroT
TpaHUIIBI IPUHSTON oONacT TeueHus. Ha 3ToM pucyHke
TaKXKe YKa3aHbI CEYCHUs, 0003Ha4YeHHbIC Kak linel, line2,
line3. ITo 3TUM CEUCHHUAM OIPEeNEeNsAITUCh
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pacmpeneneHusi HCKOMBIX —IapaMeTpoB
HaMpsHKEHUsI, CKOPOCTH).

Bynem cuntars, 4to cTeHku, o0o3HaueHHble Kak (I'1,
I'3, I'4) nBuxyTCS Kak MOKa3aHO CTpelIKaMH Ha puc.l.
TeyeHne MHAYHIUPYETCS JABMXKEGHHUEM  IIOABMIKHBIX
CTEHOK.

(naBnenwue,

r ra

ra

Puc. 1 — O6aactb TeueHus
Fig. 1 — Flow region

Taknm o00pa3oMm, HEOOXOAMMO PEIMINTh YHCICHHO
cucreMy ypaBHeHHH (1-2) ¢ yd4eToM HadalbHBIX H
TPaHUYHBIX YCIOBHUH. [ paHUYHBIMU yCIOBHSMH B 3TOM
Cllydae SIBJISIOTCS YCJIOBUSA Ha KOMIOHEHTHI CKOPOCTH Ha
rpaHUIaXx KBaapaTHOW obmactu TedeHus. Ha Bcex
TpaHUIAX TIPUHATHI YCJIOBHS MNpHWIMNaHHA. B 3ToM
ClIydae CKOPOCTb XHJKOCTH BONHM3HM TBEPIBIX CTCHOK
COOTBETCTBYET CKOPOCTH JBIKCHHS CTEHOK

lerl =0 Uy|r1 = V;

UX|r3 =0 Uy|F3 =-V; (3)
lem. =U= VUy|r4 = 0;
Ux|F2 = 0; Uy|r2 =0. (4)
B wnavanpHbplii MOMeHT BpemeHu t=0  CKOpOCTb
JKUJIKOCTH TIPUHUMAJIACh PaBHOW HYITIO
Uu,=0 U,=0. Q)

BO Bcell 00J1acTH TeUEHUS.

3amavya penieHa MeToJ0M KOHTPOJIBHBIX 00BEMOB Ha
ocHoBe oTKpbITOro nakera OpenFoam [6-8].

IIpumeHeHre MeTONa CIVIaXKUBaHUS, 3aJI0KEHHOTO B
ITOPUTM MeTofa KOHTPONBHBIX 00bemMoB (MKO)
MO3BOJSIET ~ MCKIIOUWTH  He(U3MuecKoe IOBelCHHE
SKUJKOCTHU B YIJIOBBIX TOUKax [2, 9-11].

YcraHOBHBIIEECS TEUEHHE JKUIAKOCTH IIOydEHO
METOIOM YCTaHOBJIEHUS TpH ¢ —> © Bompocsr
YCTOHYMBOCTH M CXOAMMOCTH OCBEIIEHBI B paboTax [5,6]

Pe3yn bTaTbl MoAeNMUnpoBaHuA

Jlist momy4eHust 0011eTo npeICTaBIEHUs O CTPYKTYpe
TEUCHUS >KUJKOCTH B 3aJaHHON TOJOCTH TIOJYYCHBI
JIUHUH TOKA, TOKa3aHHBIE HA PHC. 2.
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Puc. 2 — JInanu TOKA
Fig. 2 — Current lines

W3 ananu3a puc. 2 MOXXHO BUJETh, YTO UCCIIEyeMOE
TEUCHHUE SIBJIACTCS CHUMMETPUYHBIM  OTHOCHUTENIBHO
HEHTPaNFHON BepTHKaIbHOH ocu. [Ipn 3ToM 00pasyrores
3 30HBI TEYCHHUS, XapaKTEPHU3YIOIIHECS 3aMKHYTHIMH
JUHASAMHU TOKa. A B 00JIaCTH TEUCHUS MPHUMBIKAIOMICH K
HENOJBW)XKHOM TIpaHuue [2, Kak H©  OXHAAIOCH,
oOpasyetcsi 3acToifHas 30Ha. MOXXHO OTMETHTBH, UYTO
o0macTi TEYCHUS, MPUMBIKAONINE K OKPECTHOCTAM
YIJIOBBIX TOYEK, SBIISIOTCS OOJACTSIMH CHHIYJISPHOIO
MoBeleHUsl. OTH 00nacTh TEeYeHHs] MPEeNCTaBISIIOT
0COOBIN MHTEPEC JIJISl KCCIICAOBAHMIA.

Jlns Oonee AeTanbHOTO H3YYCHHS OCOOCHHOCTEH
TEUEHHUS B HCCIENyeMOW KaBepHE, PACCMOTPEHO
pacmnpesielieHne BepTUKAJIbHOW KOMIIOHEHTHI CKOPOCTH
Uy B ceuenmsax linel, line2 u line3. IlomyueHHbIe
pacrpenelleHus MpeCTaBICHEI Ha puC. 3.

W3 ananm3a puc. 3 cienyet, 9To H3MEHEHHE CKOPOCTH
Uy BO BCEX TpeX CEUCHHUAX KadeCTBEHHO CXOXKH.
Pacmpenencune CKOPOCTH AHTHCUMMETPUIHO
OTHOCHUTEJIbHO BepTHKaJIbHOI ocu. [Ipu 3TOM n3MeHeHue
BoJb cedeHus linel Gonee 3HaunTenbHO. CKOpOCTH B
HeHTpaIbHON oOnactu mist line2 u line3 mpakTuyecku He
MEHSIOTCA W OJM3KU K HYAI0. MOXHO OTMETHTbH, 4TO
CKOPOCTh BOJIM3HU YIJIOBBIX TOYCK PAaBHA HYIIO.

N3 »TOrO0 MOXHO cHenarb CIEAYIOUIUH BBIBOJ.

YacTunpl  KMAKOCTH, Haxoasmuecss B o0nacTH,
NPUMBIKAOMEeH K  yIIOBBIM  TOYKAaM, BO3MOXKHO
TIO/IBEPTalOTCs BO3JICHCTBHIO 3HAYUTEIBHBIX
HaNpsKEHUH.

Ha  crnemyromeM  srame  pelmieHus — 3aj1adu
pacCMOTpPEHbl  paclpezielieHUss  MEepBOM  pa3HOCTH
DIaBHBIX HampspkeHut PSD = oy —o,, [10, 12-15].

JlanHas BeIMYMHA TIPENCTABISAET OCOOBIM MHTEpeC I
HCCIIeIOBAaHNH, IIOCKOIBKY MOKET yKa3bIBaTh Ha OOJIACTH,
B KOTOPBIX MOTYT TPOSBIATHECS TaKHE HEHBIOTOHOBCKHE
CBOWCTBA, KaK aHOMaJIHS BA3KOCTH W HEHYJICBOE BpeMs
penakcalnyy HarpsKeHUH.

Ha puc.4 npencraBneHsl H30JIMHUY IEPBON pa3HOCTU
r1aBHBIX Hanpspkeuit (PSD). Ha sTtom pucynke MoxHO
BUJETh, 4YTO H30JIMHUU NEPBOM pa3HOCTU TITABHBIX
HaIpsOKEHUH TTOKa3bIBaeT 3HAYUTENBHBIA POCT BOIM3H
obmacTtefl  CHUHTYISIPHOCTH,  PAcCHOJIOKEHHBIX B
OKPECTHOCTH YITIOBBIX TOYEK.
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Puc. 3 — Pacnipeneienne BepTHKAIbHONH KOMIOHEHTHI
CKOPOCTH
Fig. 3 — Distribution of the vertical component of
velocity

line5

Puc. 4 — H30/MHUM NEepPBOil Pa3HOCTH TJIABHBIX
HanpsiKeHu i

Fig. 4 — Isolines of the first difference of principal
stresses
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IIpu 3TOM MOXXHO OTMETHUTH, UTO U3MeHeHue PSD B
LEHTPAILHOW 00JIACTH TCUCHUS HE3HAYUTEIILHO.

BbiBOAbI

B pesynbrate YHCICHHOTO MOJCITUPOBAHUS TCUCHUS
BSI3KOM HECIKUMAECMOI B 3aMKHYTOM TOJIOCTH, TIOTYYCHBI
W30IMHAA (PYHKINU TOKAa ¥ U30JIMHUH TIEPBOH Pa3HOCTH
TIaBHBIX HampspkeHUH. [Toka3aHbl 00acTH TUPKYISIANA
MOTOKa W 3aCTOMHYI0 OOIacTh, B KOTOPOH TeUCHHE
MPaKTUIECKH OTCYTCTBYET. TakkKe MOKa3aHbl M30JIMHIH
PSD. MoxHO BuaeTh MecCTa B HCCIEAyeMOil oOmacTh
TEUEHMs, B KOTOPHIX MOXXHO OTMETUTh HAJIWJHE
MOBBIIICHHOTO 3HAUCHHs TEPBOW PA3HOCTU TJIaBHBIX
HANpPsDKCHUM, YTO BO MHOTHX, MPAKTUYCCKH Ba)KHBIX
cllydasix, MpeACTaBIsieT 0COOBII HHTEPEC U MOXKET OBITH
UCTIOJIb30BAaH  MpPH  NPOCKTUPOBAHWM  AIIapaToB
XUMHYECKOM TEXHOJIOTHH.
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