TH MO3BOJIAIOT ONPEICIIUTh ONTAUMAIBHBIC KOJIHMUCCTBCHHEBIC paboyue mapaMeTphl
cTBOJIOB Y UII /115 TylueHus nokapoB pa3aMyHON KaTErOPUH CIO0KHOCTH.
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VK 614.843.3
YucaeHHoe MOACTUPOBAHME IBHKEHUA OTHETYHIAINEH KUIKOCTH
B IIPOTOYHOM YaCTH YCTAHOBKH UMIYJIbCHOI0 noxaporymenus (YHII)

Jmutpuuenko A. C./, Kauanos WU. B.?, Kyaun M. B.%,
[Iaranos W. M. 2, [llepbakosa M. K.
'Benopycckuii rocy1apcTBEHHBIH TEXHOIOIHYECKU I YHUBEPCUTET
’Benopycckuii HallMOHAIBHbI TEXHHYECKHI YHUBEPCUTET
‘benopycckas rocyJapCcTBEHHAs aKaAeMUsl aBUALMH
Munck, Pecniyonnka benapych

B cmamue npeocmasnenvl pe3yibmamosl meopemuyeckozo U KOMNboOmepHoz20
MOOENUPOBAHUSL OBUNCCHUA OCHEMYUIAUell HCUOKOCIU 8 NPOMOYHOU YACTU YCMA-
HOBKU UMNYTbCHO20 NONCAPOMYUUECHUS.

Bojsia Ha HacTOANIUI MOMEHT SIBJSICTCA OJHUM M3 CaMbIX PacipOCTPaHEHHBIX
cpencts noxaporyumeHnus. Jo 90 % Bcex 1moxapoB JIMKBUAUPYETCS HMEHHO BO-
NO#, ¥ 3T0 HanboJIee MPOCTOH, PKOJTOTHUSCKU YUCTHIA U JACHICBBIH criocod [1, 2].
Tpamuunonnoe oOopyaoBanue (HaIpuUMep, MOKapHLIE CTBOJIBI) UMEET Pl HENO-
CTaTKOB, OCHOBHBIM M3 KOTOPBIX SIBJISIETCS HAHECEHHE 3HAUMTENBHOTO yiuepOa
BCJIC/ICTBUE MPUMEHEHU ST YPE3MEPHOTO KOJIMYECTBA BOJIBI.

B HacTtosmiee Bpems Bce 0oJbliiee BHUMaHUE YACIACTCS MOBBIICHUIO 3 eK-
THBHOCTH TYLICHHS BOJIOH 3a CYUET YMEHBIIECHHUS [104aBAEMOI0 YIAEIBHOI'O pacxo1a
W YBEJHMYCHMIO CTEIIEHH HCIIOJb30BaHUsA orxeryumamero semecrsa (OTB). Oro
JNOCTUTAETCS UCMOJIb30BAaHUEM TIPU TYIIEHHUH OXKapOoB pacibuieHHONH BoAbl (PB)
M COCTaBOB Ha €€ OCHOBE, MOJABAEMBIX K MECTY MOKapa pa3TUYHbBIMU CHCTEMaMH,
yCTaHOBKaMU U ycTpoiictBaMu. Hanprumep, ycTaHOBKaMH HMITYJIbCHOIO I1OKapo-
TyweHus (YHII), B cocTaB KOTOPBIX BXOAUT CTBOJI OKAPOTYIIEHUS HMITYJIbCHBIH
(CIIN). Ha xadpenpe 'DCBTI BHTY B 2015 1. ObU10 BBEITIOJIHEHO HAYYHO-TEXHH-
YECKOE MCCIE0BAHUE YCTAHOBOK MMIIYJILCHOIO NOXkKapoTylweHus B pamkax I'b
15-153 «Pa3paboTka METOOMKH OMpeAeNeHUs TUIAPOIUHAMUYECKUX XapaKTepH-
CTHUK MCTEUYEHUS KHJIKOCTH M3 CTBOJIOB YCTAHOBOK HMMITYJIbCHOT'O MOKapOTYyIIE-
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Hus» 1o 3aganuio 2.2.51 0.8 I'TIHU «MudopMaTiKa 1 KOCMOC, HAy4HOE o0ecIie-
yeHue 0€30MacCHOCTH U 3alUTHI OT YPE3BbIYANHBIX CUTYALIUI».

OcHoBHbIM TexHHYecKUM ycTpoiicTBoM Y UII, moxarommm OTB Ha dopmupo-
BaHue cTpyu PB, siBisieTCs CTBOI, KOTOPBIA B 00LIEM Cllydae COCTOUT U3 Ta30BOH
(BO3IyITHOM ) U KUJIKOCTHOH (BOJISTHOM ) KaMep, COEIMHEHHBIX OBICTPOICHCTBYIO-
UM KinanasoMm. Ha BeIXxoze CTBOJIa MOXKET yCTaHABIMBATHCA HACAIOK C PACIIbLIN-
TEJIEM, Yallle BCETO BBINMOJIHAEMbIi 13 rnOkoro Marepuaina (pe3unsl). [Ipu oTkpeI-
THU KJIallaHA IPOUCXOJIUT BHITECHEHHE PA00OYUM ra3oM >KHMJIKOCTH Yepe3 HACANIKY
C PacHbUIMTENEM B OKpYyXkKarollee MNpocTpaHCTBO. OCHOBHBIMU XapaKTEPHCTH-
KaMH, BIHAIONIAMU Ha PEKUM HMCTEUEHHS KHAKOCTH U mpolecc hopMHUPOBaAHUS
pacnbUICHHOH CTPYH, ABIIAKOTCA [JAaBJICHHE B TIa30BOM (BO3AYLIHOH) Kamepe
CTBOJIA, CKOPOCTH IMOJAYM PACHBUIMBAIOLIErO CKATOTO Ira3a, KOJIUYECTBO KUIAKO-
CTH B JKAJIKOCTHOMU (BOASIHOM) Kamepe, AMaMeTp OTBEPCTHA HACaJKa C PaclbLIATE-
JeM U TeOMETPUUYECKHE pa3Mepbl CaMoro CTBOJA, T.€. JJIMHBI Ta30BOM /r U KUJ-
KOCTHOM / Kamep.

['eomerpuueckas mozeins creosa ¥ MII npencrasinena Ha puc. 1.

['a3 ¥ KMAKOCTH pacnonararoTcsi B LHJIMHAPUYECKOM pE3epByape AMaMeTPOM
dp, 1 3aHMMAIOT 00BEMBI, XapaKTePU3YIOUIHECs UIMHAMH /r U [k, pa3/ielIcHHbIC
IUIOCKOH TBEpPJIOM I'paHUIEH ¢ KOHMYECKH PAacXOJALIUMCS HacaJKoM (Ha cXeme
YCJIOBHO He II0Ka3aH). ['a3 HaxonuTcs nox gaBieHueM Py, KUIKOCTb — IIPH J1aBJie-
HHAM OKpY:KarolleHn cpeapl Pr. Jlanee :KHUAKOCTb BBITECHACTCA Y€pe3 UHJIMHApUAYE-
CKHI HACaJIOK IUAMETPOM dy U JJIMHOM [y B OKPY>KAIOIILYIO CPELY.

[T ) ) !r 2 B i H
A '
== !.r \ UE
z(t) _L_; 4 \ Ml ———
; e " —
dp 0 ] - Z - bo =
=, /f”fz.- F———>
P (] —Hﬁ=‘{=§?, P ,.«"t{ 1 =
\ PP E | Pe

Puc.1. 'eomerpuueckas moaens CITH

IIpenmnomaraercs, B OTIMYME OT NPEABIAYIIUX HCCIEIOBATENIECH, YTO B IIPO-
L[ecCe BBITECHEHUS I'PaHHULIa pa3/ieNa KU AKOCTh-Ira3 [10JIBEP/KEHA HEYCTOMUUBOCTH
Panes-Teiinopa, a Takxe ASUCTBUIO IpyrHX (PaKTOPOB, pa3pyLIAIOMUX € CTPYK-
TYpy, U HUMEeT KPHUBOJIMHEHHYIO (OpMY B BHJE OBajla WM B BHJE IapaOOIIbI
(ITpuxoBas TMHUA HA puC. 1).

B cTone YHUII npoucxoadtT UMITyJIbCHOE BBITECHEHUE KUAKOCTH CXKATBIM Ia-
30M, KOTOpO€ MOXHO CUHATATh HEYCTAHOBHUBIIMMCS PE3KOH3MEHSIOIIUMCS
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(MMITYJIbCHBIM) JBMJKCHHEM PACHbLIMBACMON JKHUJIKOCTH C agquabdaTUYSCKUM pac-
IIMPEHUEM paclibUIMBaroLero rasza B crsosie Y MII u Ha BbIxoze U3 Hero.

Takoe ABMKEHHE MOXKXHO MOJEIUPOBATH IIYTEM HCIOJIB30BAHUS ABYX YpaBHE-
HUIA: YPABHEHHU I UMITYJIbCA U YPABHEHHS HEPA3PBIBHOCTH C YYETOM MHEPUMOHHBIX
notepsb AaBieHus. CHCTEMY 3TUX YpaBHEHHN 1)1 ABYX(DAa3HOr0 MOTOKA KHUAKOCTH
MOYKHO 3aIUCATh CJICYIOIUM 00pa3oM:

| —a(a;;i)) +div(apa6®6):—an+aVI—R6 (D)
M + div(BpBB ® G) =—BVp+PpVi— Ry

YucneHHOe MOAENUPOBAHKE JIBUKEHUA KU IAKOCTH B cTBosiax Y I poBou-
JIOCh B COBPEMEHHOM MAaKeTe BBIUYMCIUTENbHON ruaporazoquHaMmuku ANSYS
CFX, B KOTOpBIN BKITIOUECHBI pa3IMYHbIC MATEMATHYECKUE MOJICIIH, B TOM YUCJIC U
MOZEJIN JBUKEHHUSA ABYX(Pa3HbIX MOTOKOB (3KUIKOCTb-Ia3) U paClbUICHUS KU KO-
CTEH.

JUIst 4UCIEHHOrO0 MOJEJMPOBAHMS JIBUJKEHUS OTHETYHIAIEH KHUAKOCTU B
ctBosie YUII B kauecTBe 00BbekTa ObUIA BRIOpaHA KHUAKOCTHAs (BOJIAHAS) KaMepa
ctBona Y UII, oCHOBHBIE T€OMETPUUECKHUE TApaMETPhl KOTOPOU MOTHOCTHIO COOT-
BETCTBOBAJIM peajIbHBIM pazMepaM CTBOJA, HUCIOIb3YEMBIM B IIPAKTUKE I10Kapo-
Tywenust B Peciyonuke benapych u 3a pybe:xom. Pacuetnast obnacTh onpenens-
Jace KoopauHatamu X, Y, Z N€KapTOBOM CHCTEMBI KOOPIMHAT, 3aJ1aBaBIIUMHUCS
MyTeM TBEPAOTEIHHOTO MOJACIUPOBAHUS KUIKOCTHOW (BOMSHON) Kamephl B Ta-
kete «ANSYS CFX».

MoaenupoBaHre IPOBOANIOCH C Pa3IMYHBIMH COOTHOLUEHUAMH dy/dp, IpUME-
HSEMBIMU B IpakTHKe MoxaporymeHus. CKOpocTb MOJAa4Yd PaclbLIMBAIOLIETO
CKATOro raza BapbupoBaiach B npejaenax 5-50 m/c, 50-100 m/c, 100-300 m/c u
cBbime 300 m/c.

Hekoropble pe3yibTaTbl UYUCICHHOI'O MOJEIMPOBAHUSA  IIPEICTaBIICHBI
Ha puc. 2.

[TpoBeneHHOE MOJIEMPOBAHUE TIO3BOJIAIIO ClIeNaTh CIIEAYIOLME BHIBOIBIL:

1. B pe3ynbTaTte B3aUMOAECHCTBUS PaCIbIIMBAIOIIETO ra3a C PaclbUIMBAEMON
KUJKOCTBIO TpaHUIla pa3jiena a3 UMeeT He TIOCKYIO0, a KpUBOIMHEHHYIO (hopMmy,
MPHYEM TIPH CKOPOCTSIX TCUCHHS PACcHBLIMBAOIIETO CXAaToro raza 1o 50 M/c 3ta
rpandua uMmeet Gopmy napaboibl, a npu ckopoctax — 50-300 m/c u Bbluie (10
1000 m/c) — Gopmy oBana, BBITATMBAIOIIErOCsS B CHMMETPUUHYIO Mapabonay U B
SIPKO BBIPAKEHHbBINA KIMH

2. PexuMbl TeueHUs U AUCIIEpIUpOBaHUs (paclaja U paclibUICeHHs) OTHETY-
mramen KUAKOCTH 3aBUCAT OT Pa3MepOB KUIAKOCTHONH KaMephl (€€ quameTpa dp) 1
orBepcTus ucteueHus (dy). [lpu cootnomenusx dyw/d, > 0,80+0,85 ycranaBnuba-
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€TCs PE3KOU3MEHSIOIINIICS (MMILYJIbCHBII ) XapaKTep TeUSHU s OTHETYIIALIECH KU T-
KOCTH C BOJHOOOpPa3HbIM pacrajoM (JMCOEPrUpOBAHUEM WM PACIIBUICHUEM )
CTpyH KUJAKOCTH; NpH du/dy < 0,85+0,5 nBUKEHUE OrHETYIIAIEH KUAKOCTH B
ctBosie YHII nmproOpetaet 3/1eMEeHThI KBa3UCTALMOHAPHOTO TEYEHUS ¢ BOJIHOO0-
pasHbIM y OTBEPCTHS HCTEUEHUS U MOCIEAYOIUM TYPOYIEHTHO-ITYJIbCAMOHH bIM
pacnbuieHUeM; pu dw/dp < 0,5 nBuxkenue xuakocty B ctBosie Y UII, u3-3a pe3koro
YBEIMYEHUSA THUIPABIMYECKOTO COMPOTHUBICHHUS OTBEPCTUS HCTEUYCHHS, MOXKHO
CYMTATh KBa3UCTALMOHAPHBIM, IIPH 3TOM H3HAYAIbHO KaBUTALIMOHHOE IIEPEXOIUT
B YHCTO MHEPUMOHHOE (Ja)ke CBEPX3BYKOBOE) PaCIbUIEHHE KUIAKOCTH B IUIOCKO-
CTH OTBEPCTHS UCTEUEHHUSI WM B HEMOCPEACTBEHHON OJIM30CTH OT HETO.

I -
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Title

water Volume Fraction
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_ wnter.Woluma Frecticn
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Puc. 2. I'paduk u3MeHEeHHs COOTHOIICHHS BO3yX-BO/1a
B a30-KAJKOCTHOM MOTOKE MPH CKOPOCTAX MOJAYH PACTIBIIMBAOIIETO
c)KaToro rasa 10 M cBaimre 50 m/c

B 3aknroueHuu cieyer OTMETUTh, YTO YCTAHOBIICHHBIC PEXKUMBI TCUCHHUS OT-
HETYyIIAIIEeH KUJIKOCTH B MPOTOUHONW yacTH cTBOJia Y MII mO3BONSIOT BHIOpAThH
HanOoiee ONTUMAJIbHBIE KOHCTPYKTHBHBIC M THIPOJMHAMHUYECKUE IMapamMeTphl

cteosia Y UII qyist Tymienus nokapos pasjiM4HOM CI0KHOCTH.
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