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Armomauu;l. OCBCHIeHbI PE3yJIbTaThl aHaIu3a HaHpaBHCHI/Iﬁ 1 COBPEMCHHBIX METOA0B I/ICCJ'ICIIOBaHI/Iﬁ B oOmactu HCHpCpLIBHOﬁ pas3jiMBKU CTajlk, CBs-

3aHHBIX C BBISABJICHHEM M yCTpaHEHHEM (hAaKTOPOB, OKA3BIBAIOLIMX HEraTHMBHOE BIMSHUE HA KaueCTBO MOBEPXHOCTH HEMPEPLIBHOIUTBHIX 3aroTo-
BoK. [lokaszaHo, 4TO CyIIecTByIONas KOHLETIHS MOCTPOCHUSI CUCTEM OBICTPOH CMEHBI MOTPYKHBIX CTAKAHOB, HKCILTYaTHPYEMbIX Ha CIIIOOBBIX
MHJI3, npuBoauT K GOPMUPOBAHHUIO HA KAKIOM PyUbe MAIINHBI B TEUCHHE CepUitHON pa3nuBku 20 MIaBOK HEKOHJUIOHHOTO Y4acTKa 3ar0TOBKH
oK 30 — 40 M, oOpasyromerocs B UTOre M3-3a HECTAOWIBHBIX TMIPOAMHAMUYECKHUX YCIOBHH B KpHUCTamm3arope. [IpuBeneHs! pe3ynsTars
nccreioBaHus Ha (PM3MYECKO MOJEIN M3MEHEHHUI TPACKTOPUU U CKOPOCTH JIBIKCHHS TIOTOKOB MeTaiula B Kpucrauusarope cisiooBoir MHII3,
CBSI3aHHBIX C 3aMEHOH MOTPYXHBIX CTAKaHOB B IIPOIIECCE CEPUITHON PAa3IMBKHU CTAJIHM, a TAKKE IPEATIOKEHB! PEKOMEHAINHN 110 CHIKEHHIO JUIN-
TEIBHOCTH HEraTUBHOTO BO3JIEHCTBUS JAHHOTO (hakTopa Ha ycioBHs (OPMHUPOBAHMUS OTIMBAEMON 3aroToBKU. [Ipr MOMOIIHM KOHTPOJIBHO-U3MEPH-
TEJIBHOTO KOMIUIEKCA C TEH30PE3UCTOPHBIM IpeoOpa3oBaTeeM yCTaHOBIICHO, YTO Nepernasi CKOPOCTEeH JKHIKOCTHBIX ITOTOKOB Y IIPOTHBOIIOIOKHBIX
y3KHX CTEHOK MOJEIN KPUCTAIN3aTOPa, BbI3bIBAIOIIMH HAPYIISHHE TEIUIOBLIX YCIOBUH (POPMUPOBAHMS KOPOUKH HEHPEPHIBHOIUTOM 3arOTOBKH,
B CJIy4ae HCIIOIB30BAHMS MPSIMOTOYHBIX IIOTPYKHBIX CTAKAHOB MOXET JOCTUraTh 3HadeHui 2,0 — 2,3, a 11 6e3HaNOpPHBIX ITyXOJOHHBIX CTAKaHOB
¢ ByMsi OOKOBBIMH OTBEPCTHSIMH, pa3feleHHbIMU paccekareiem, 1,2 — 4,0. C ucrnonb30BaHHEM MaTepUalioB CKOPOCTHOM BHUACOCHEMKH TaKKe
noJtyueHa nHMOpMaLus 0 HAPYLICHUH CUMMETPUH TPASKTOPHHU LIUPKYJISIMOHHBIX KOHTYPOB IIOTOKOB PacIliaBa B KPUCTAJIN3ATOPE, 00YCIOBICH-
HOM TIPOBEJICHHEM OIEpaLii 3aMEHbI H3HOIICHHOTO MOTPY)KHOTr0 CTakaHa. B xone mccnenoBanuii BU3yanu3alyio TPAeKTOPUH ABMIKEHUS TOTOKOB
BOJIbI, IMUTHPOBABIICH KUAKYIO CTallb, B MOJEIH KpUCTAJUIU3aTOpa 00eCcIeYnBaIl BBEICHUEM BO3yXa Yepe3 KaHall MOJIENHU CTOIIOpa-MOHOOI0Ka
MPOMEKYTOUHOTO KOBIIA, OJlarofapsi 4eMy CUMYJIMPOBAIM 110a4y aproHa BO BpeMs pas3iuBku. [loiydyeHHble CBeJeHMS MO3BOIMIN pa3paboTarhb
HOBBII MPUHIUIT HOCTPOCHUSI CUCTEMBI OBICTPOI CMEHBI ITOTPYKHBIX CTAKaHOB, 3aKJIIOYAIONIUICS B COBMEIIICHHOM U NapauIeIbHOM BBINOJTHCHUH
€€ CTPYKTYPHBIMH dJIeMEHTaMH (MaHUITYJIITOPOM, PA3JIMBOYHBIM M NIEPETAIKUBAIOLINM YCTPOHCTBAMH) OTACNIBHBIX TANOB POLECCa 3aMEHbI OTHE-
YIOPHBIX U3/1eNHH. DTO MO3BOJISET COKPATUTh BPEMEHHBIE 3aTpaThl HA CMEHY M3HOIICHHOTO ITOTPY)KHOTO CTaKaHa ¥ MOBBICHTH BBIXOJ] TOJHOTO IIPU
MIPOU3BOJICTBE Cisi00BOM 3arotoBkH Ha MHJI3.
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KagecTBO TOBEPXHOCTH, CTPYKTypa HPHIETaromiero K
HEl CTI0sT M KOJTMYIECTBO BHYTPEHHUX IC(EKTOB HEPEPBIBHO-
JINTON 3aTOTOBKH B 3HAYUTENHFHON Mepe 3aBUCAT OT CTaONITb-
HOCTH MOTOKOB MeTajuia B kpuctauzarope MHJI3 [1 —7].
[losToMy psim WccienoBaHUN IOCICTHUX JIET, TIPOBOINB-
muXcs B 00JIaCTH HEMPEPHIBHON PAa3IMBKU CTaH, OBLT CBS-
3aH C TTOMCKOM ONTHMAJIBHX T€OMETPHUYECKUX IapaMeTpoB
U croco00B (hopMHUpOBaHUS [8] HOTPYKHBIX CTAKAHOB, TIO-

520

BBIIAIOIINX PABHOMEPHOCTb CKOPOCTEH IMPKYITHPYIOMINX
CJIOEB JKUJIKOTO METaJlla, a TAKKEe C COBEPIICHCTBOBAHUEM
CHCTEM €r0 ANEKTPOMArHUTHOTO TIEPEMEIITHBAHMS U TOPMO-
KEHUSI B KPUCTAIM3AaTOPaX MAallliH HENPEPHIBHOTO JIUTHS
3arotoBoK [9 — 12]. Tlpm 3TOM IS TIONMYyYEHUS MCXOTHOU
WHPOpPMAIIMK W TPOBEPKH TPABHIBHOCTH MPUHUMAEMBIX
TEXHUIECKUX PEIICHUH MINPOKO MUCIIONH30BAIN METOIBI Ma-
TEMaTHYECKOro 1 (hu3udeckoro mMoaenupoBanus [13 — 16].
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Crnenyer OTMETUTb, YTO BO BpPEeMsl HENPEPLIBHON pas-
JIUBKH CTAM OONBIIMMHU CEPUSMH CTall MPOSBISATHCS CIIe
oauH (hakToOp, AECTAOMIM3UPYIOIIUI THUAPOIUHAMUKY
MOTOKOB B BEPXHEH 4YacTW KPHCTATU3aToOpa CIsI00BOM
MHUJI3. Peub uaet o BO3MYIIECHUAX, BHOCUMBIX B KAPTUHY
pacnpeneneHus 30H HUPKYISIIUY )KUJIKOM CTalnu U3HOCUB-
IIMMCSI U PE3EPBHBIM ITOI'PY>KHBIMM CTaKaHaMH, ITOCIIE0-
BaTEJIbHO COBEPIIAIOIMMU JIBUYKEHHUE 10 CIOKHOM Tpaek-
TOPUU B TMOJIOCTH KPHUCTAIUIM3ATOPa B XOJE MPOBEICHUS
nux cmensl [17 — 18]. Kak mokazanu pe3ynbrarsl XpoHOME-
Tpaka, MPOAOJIKHUTEIBHOCTh MPOLEcca 3aMEeHbl 0Tpabdo-
TaHHOT'O 3aLUTHOTO OIHEYHNOPHOIO M3MENNs COCTaBIsAET
1,5 — 2,0 MmuH, a BBINOJTHEHUE TAKOW 3aMEHBI POUCXOJIUT
HE MEHee OJHOI0 pa3a 3a BpeMsl pa3jIMBKHU OJHOH IIaBKH.
OTcrofa clemyeT, 4To MPpH CKOPOCTH PA3IUBKU Ha Cisi00-
Boit MHJI3 1 M/MUH 1 cpeHeM YHcIie IaBok B cepuu 20,
Ha KaXJIOM pydbe MamuHel popmupoBanue 30 — 40 M 3a-
TOTOBKH MPOUCXOIUT B HECTAOMIBHBIX TUAPOJHHAMUYCC-
KUX YCJIOBHUAX, HeGJ’IaFOHpI/IHTHO BJIMAIOIINX Ha €€ Ka-
YeCTBO.

B cBs3u ¢ 3TUM, C LECJIbKO OLCHKHW CTCIICHU BJIMSHUSA
YCIJIOBUI pean3aluu npolecca 3aMeHbl OrPy>KHBIX CTa-
KaHOB Ha TPACKTOPHUIO U CKOPOCTb IUPKYJSAIMHA TOTOKOB
METaJUIa B IMOJIOCTH KPUCTAILIM3aTOPa C OOBIINM TOTIeped-
HBbIM CCYCHHUEM, BBIIIOJTHECHO UCCIICAOBAHUEC HA Q)HSH‘ICCKOIZ
MOJEJIM HapyLIEHUs CUMMETPUU KapTHHBI LUPKYJISALHOH-
HBIX KOHTYPOB, BO30YXJa€MBIX B 30HAX, MPHICTAIOIINX
K Y3KHM TpaHsM OTJIHBacMO# 3arotoBku. MHdopmarus o
TPAeKTOPUHU MOTOKOB M 3HAYCHUAX UX CKOPOCTEH TTO3BOJIUT
MIOJTYYUTh NCXOIHBIE TaHHBIC, HEOOXOAUMBIE IS pa3padoT-
KH KOMIUIEKCA MEPOIPUATHH, CIOCOOCTBYIONIMX MUHUMHU-
3allMM BPEMEHHBIX 3aTPaT Ha CMEHY BBIILEALIET0 U3 CTPOsI
OTHEYTOPHOTO U3/CTHA.

Jns mpoBeneHHs SKCIIEPUMEHTOB OblIa W3TOTOBJIICHA
nmabopaTopHasi yCTaHOBKa, CXEMa KOTOpOil Moka3aHa Ha
puc. 1. OHa BKJIIOUaa MpO3pavyHble TUIOCKUE MOJIENH TIPO-
MEXyTOYHOTO KOBIIA 5 M KPUCTAJIM3aTOpa &, 3aKperuieH-
HbIE Ha METaJUIOKOHCTPYKIMHU /5. PaznuBouHas cucrema
MOJIEJIA MPOMEKYTOYHOTO KOBIIA COCTOsIIa U3 MEXaHU3Ma
3 ynpaBJeHHUs TIOJIOKEHHUEM CTOIOpa-MOHOOOKa 4, obec-
ICYMUBAOIIECTIO ﬂOSHpOBaHHLIﬁ MEPCInB KUJAKOCTU, CUMY-
JIMPYIOIIEH pacruiaB, a TaKXKe yCTPOUCTBO /2 NJisi 3aMEHBI
0TpabOTaHHOTO TOTPYKHOTO CTakaHa [/ pe3epBHbIM 7
C TIOMOUIbIO CIIeLUabHOrO TosKaTtens 6. KoHcTpyKTuBs-
HOM 0COOEHHOCTBIO MOJENIM KPUCTAJUIM3aTOpa CIsi00BOM
MHJI3 Obu10 TO, YTO OTTOK M3 HEE KUIKOCTH TTPOUCXOIMIT
Yepe3 MHOTOYUCICHHBIC OTBEPCTUS MAJIOTO AUaMETpa, paB-
HOMEpHO pacIpe/ieeHHbIe B e¢ JHUINE, Omarogaps 4eMy
YCTPaAHSJIOCh BO3MOXHOE HMCKaKCHHE KapTHHBI MOTOKOB,
(hopMHUpyeMOii B 30HE pACTIONIOKEHHSI MOJICTICH MTOTPYKHBIX
CTaKaHOB. MozeIbHas XKHUIKOCTh, COOUpaeMas ¢ OMOIIBIO
mTYIepoB 9 B OOIIY0 €MKOCTh, 3aTeM IO TPyOONpoBOILY
nojiaBanach HacocoM /() B KaHaJ MOJAETH IHUOEPHOro 3a-
TBOpa /4, CHaGXKEHHOTO 3aIMUTHOW TpyOoi /3. Jlns Bay-
BaHUs BO31yXa B BLIHyCKHOﬁ KaHaJI MOJCIIN MPOMEKYTOY-
HOIO KOBILIA BO3JyXa, UMUTHUPYIOILIEr0 aproH, CIyKHUJIH
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Puc. 1. Cxema 1abopaTopHOil yCTaHOBKH 7151 MOJAEIMPOBAHUS IIpoLiecca
CMEHBI OIPYKHBIX CTAKaHOB

Fig. 1. Scheme of the laboratory device for simulation of submerged
nozzles changing process

xoMmmpeccop /6 u pecusep /. PerynupoBanue pacxoaa mo-
JIaBAeMOTO BO3/yXa 00eCTIeYMBAIIU C TIOMOIIBIO KpaHa 2.

MacmTaObl MOICITUPOBAHUS PA3IUBKU CISIO0BOI 3a-
rotoBku cedeHreM 1000%250 MM, BBITATMBA€MOM CO CKO-
pocteio 1,0 — 1,2 M/MUH, ONPEACTHIA C YYETOM aBTOMO-
JIIEJIBHOCTH OTHOCHUTENBHO 4Hcia Ioxodust PeiiHonbaca
(Re), 3nauenune kotoporo cocrasisuio Re = 1220.

JJ1s KOHTPOIISt CKOPOCTH KHUJIKOCTHBIX TTOTOKOB UCTIONb-
30BaJId HM3MEPUTENIbHBIN 30HJ, CHAOXKEHHBIH TEH30pe3u-
CTOPHBIM IpeoOpazoBareieM U CXEMaTHYHO MOKa3aHHBIN
Ha puc. 2. OH COCTOSUT U3 MOJOW MITAHTH /, HA KOHIE KO-
TOPOIl 3aKpeIIeH CTEKIISTHHBINA OaiioH 2 ¢ KOHCOJIBHO 3a-
IIEMJICHHBIM B €r0 MOJIOCTH YIPYTUM 3JIEMEHTOM 3 B BUJE
mIacTUHKU. Ha TpOTHBOMONOXHBIX TOBEPXHOCTAX ATON
IUTACTUHKU HAaKJIEeEHB! (DOJBrOBBIC TEH30AATUYUKHU COIPO-
tuBneHueM 200 OM, coequHEHHBIE MO TOJYMOCTOBOM
cxeme. baiioH repmMeTH3upoBaH € MOMOILBIO PE3UHOBO-
ro Kojirayka 4, CKBO3b KOTOPBIM MPOXOJWII COETUHEHHBIN
C YIPYTUM 3JIEMEHTOM pblyar 5, CHaO)KEHHbBI Ha KOHIIE
puckoMm 6. Ilpu oToM U U3MEpPEHUUS CKOPOCTEH XKUI-
KOCTHBIX IOTOKOB B TOPU30OHTAJIbHON IJIOCKOCTH IpHUMe-
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Puc. 2. Cxema 30HAA JJIs1 KOHTPOJISA CKOPOCTH JKUIAKOCTHBIX ITIOTOKOB

Fig. 2. Scheme of the probe for control of fluid flow velocity

HSUJTM 30H]] C TIPSIMBIM pbrdaroM (puc. 2, a), a B BEpTHKAIb-
HOM MJIOCKOCTH — C PhIYaroM, M30THYThIM oA yriioM 90°
(puc. 2, 6). TeH3zope3uCTOPHBIN MpeoOdpa3oBareib 30HIA
BXOJIMJI B COCTaB KOHTPOJbHO-H3MEPUTEIBHOTO KOMIIJICK-
ca, BKJIFOYABIIECTO TAKXKE UYCTHIPEXKAHAIBHBIA YCHUIUTEIb
niepemenHoro Toka YT 4-1 (TY 25.06.1377-82), ananoro-
uugposoii mpeodpazosarens (AL u OBM.

[IpuHIKI pabOTHI 30HIa COCTOMT B TOM, YTO MPH BO3-
JICCTBUM Ha €ro JMCK JTHHAMHYECKOTO Haropa >KUIKOCT-
HOTO IOTOKA, MPOMOPIHMOHAIBHOTO KBaJIpaTy ero cKopoc-
TH, BO3HHKAeT CHJIA, W3rHOAIONas YIPYTud OSJIEMEHT
C HaKJICCHHBIMHU AaTurkaMu. [Ipu maedopmaiuu 1aT4nKoB
BO3HHMKAET AJICKTPUUYCCKUN CUTHAJ, MO3BOJISTIOIIMIA TOCIIE
YCHJICHUSI, IPeoOpa3oBaHusl B IUPPOBOM KOI U COOTBETCT-
BYIOIIIEH 00OpaOOTKH C IMTOMOIIBIO TTPOTPAMMHOTO MTPOIYKTa
MOJIYYUTh JaHHBIC O CKOPOCTHU MOTOKA MOJICTIEHOM JKUKOC-
TH B TOYKE pa3MeIleHUs MPUEMHOTO JICKa 30H/1a.

[Ipu uccnenoBaHuK MpoIecca 3aMeHbI MOTPYKHBIX CTa-
KaHOB HCTOJB30BaHBI JiBa BapwaHTa ux mojene. Onun
KOMIUIEKT BKJIIOYAd MOJCIM MPSIMOTOYHBIX CTaKaHOB,
a Ipyroil — mMozenu Oe3HANOPHBIX CTAaKaHOB C JByMs 0O-
KOBBIMH OTBEPCTHSIMH, PACTIONIOKECHHBIMU B HUXKHEH 4aCcTH
Y Pa3JIeICHHBIMHU PACCEKATEIIEM.

OnbIThI Ha TA0OPaTOPHOU YCTAaHOBKE MPOBOIUIIH B Clie-
IyIOIIe mocienoBarensHOCTH. [lpenBapurensHo B Ha-
MPABISAIONIMX YCTPOHcTBa /2 COOCHO C BBIMYCKHBIM KaHa-
JIOM MOJIETTH POMEKYTOYHOTO KOBIIIA 5 pa3MeIalid MOJICIh
MOTPY>KHOTO CTakaHa /], MOIeKaIlero 3aMeHe. 3areM Mpu
OITYIIICHHOM B HIDKHEE TOJIOKEHHE CTOMOPE-MOHOOIOKE 4
Y BBIKJIFOYEHHOM Hacoce () MOIeNu MPOMEKYTOYHOTO KOB-
ma 5 ¥ KpucTauiu3aropa § 3aroaHsUIA BOJIOH 10 3a/1aHHBIX
ypoBHeii. [Tocne ogHOBPEMEHHOT0 TOAHATHUS C MOMOIIBIO
MexaHu3Ma 3 croropa-MoHOOIOKa 4 | Imycka Hacoca /0
MyTeM PEryJHUpOBaHUS €ro MPOU3BOAUTEILHOCTH 00U~
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BaJIUCb NOAJACPIKAHUA TMOCTOAHCTBA ypOBHCﬁ KHUAKOCTH
B MOJIEJISIX NPOMEKYTOUHOIO KOBILIA M KPHUCTAJJIM3aTopa,
a TalKoKe BKJIIOYAIM KoMmIipeccop /6, 3aKauMBarOLUIMK BO3-
JIyX B pecuBep /, U3 KOTOPOrO OH 4Yepe3 PeryupoBOYHbBIN
KpaH 2 HarHeTajucs B IOJIOCTh CTONIOPa-MOHOOMOKA 4 U 1a-
Jiee yBJIeKaJICs TIOTOKOM >KHUKOCTH, UCTEKAIOLIeH yepes 1o-
Ipy>KHOU cTakaH // B MOAeNb KpucTajumsaropa. biarona-
Ps TOMY, YTO TIpH IONaIaHUM BIyBaeMOro BO3/lyXa B CTpye
JKUJIKOCTH B KPUCTAJUTH3aTOP MPOUCXOAUIO 00pa3oBaHUE
MENBIalIInX My3bIPHKOB, 00CCIIeUNBaIach BU3yaH3aIlHs
TpaeKTOpHI’I JABWIKCHUA YBJICKABIINX UX IMOTOKOB BOJBI.

HaOmomaemple KapTHHBI 30H IHPKYISIHH TIOTOKOB
(UKCHpOBATM C HCIOIb30BAHUEM CKOPOCTHOH BHAEO-
CBEMKH C IIOMOLIbIO KaMepbl, YCTAaHOBJIEHHON Ha LITaTH-
B€ HA HEKOTOPOM YAAJICHUU OT JaOOpaTOPHOH yCTaHOBKH.
B xozme npoBoguBIINXCS HAOMIONCHUN CHMYITUPOBAJIH TIPO-
[[ECC CMEHBI OTPY>KHOTO CTakaHa. [lJI ATOro ¢ MOMOIIBIO
CHEIMAJIBHOIO KJIEIEBOro 3axBaTa MOZAEIb CMEHHOIO Or-
HEYTOPHOTO 3JIEMEHTA IIJIABHO 3aBOJIMIN B MOJIOCTh MOJE-
JIM KPUCTAJUIM3aTOpa U YCTAHABIMBAJIM B HANPABIISIOINE
PSIIOM CO CTaKaHOM, MoAJekamuM 3amene. Ilocne storo,
UCHOJIb3YS TOJKATENb, OCYLIECTBIUIN NiepeMelleHre 000-
UX CTaKaHOB HA 3aJ]aHHOE PACCTOSHUE, B PE3YJbTATE UETO
pe3epBHBII OrHEYNOp 3aHUMaJl MO3ULMIO Pa3IMBKH, a OT-
paboTaHHBIN 3aTeM YOMpAIH U3 MOJOCTH KPHCTAIIN3ATO-
pa. OnbITEl B yKa3aHHOM IOCII€A0BaTEIbHOCTH BBIIIOIHE-
HUS Ollepalyii Mo 3aMeHe MOojIesiel OTHEYTIOPHBIX CTAKaHOB
MPOBONMIIN JIISI 000MX paccMarpuBaeMbIX THITOB. IIpoc-
MOTpP OTCHATOI'O BUACOMATCpUaIa B JUHAMUKE U B PEIKUME
«CTOI-KaJp» IO3BOJMJI YCTAHOBUTbH XapaKTEpHbIE H3Me-
HCHUS B KapTUHAX pacrpeCiiCHHsA IMOTOKOB XUAKOCTU B
MOJIEJIN KPUCTAJIJIN3aTOpa, CBA3aHHbIE C BO3IEHCTBUEM Ha
30HY IUPKYISAIMNA UMHTATOpa PAcIjiaBa MOJEICH MOrpyx-
HBIX CTAKaHOB, I10CJIEOBAaTEIbHO COBEPILIAIOIINX HepeMe-
HICHHUA B IIPOCTPAHCTBE, HeO6XOI[I/IMI>I€ JJIs1 X CMCHBI. BrI-
SIBJICHHBIE TIPU 3TOM BO3MYILEHUS, BHOCUMBIE B KapTHHbI
HUPKYJIIAOUOHHBIX 30H U JUHAMUKY JKHUJIKOCTHBIX IMOTOKOB
HaXOAIMMUCS B TIOJIOCTH KPUCTAIN3aTOPA OTPYKHBIMU
CTaKaHaMU, WTIOCTPUPYIOT KaApbl BUICOCHEMKU U CXEMbL
ToJIel CKOpOCTeH, IpUBEICHHbIE Ha puC. 3, 4. [l momHo-
ro MOHUMAaHUs HAOJIIONABIINXCS IBICHUN HEOOXOAUMO Cle-
JIaTh HEKOTOPble KOMMEHTApUH K JaHHBIM HJUTIOCTPALMSM.

ITpu pasznauBKe C MCHONB30BAHUEM MPSIMOTOYHOTO CTa-
KaHa Tof] ypoBeHb (puc. 3, a) HAOMIOMAIOTCS KallJIeBUAHON
(OopMBI OCHOBHOI HUCXOISIIMII MOTOK € TIyOMHOM Mpo-
aukHOBeHUd 300 — 400 MM M BOCXOIAIIME BIOJIb CTEHOK
KpUCTalsiIn3aTopa KOHBCKTHBHBIC IOTOKH, HU3MCHSAIOIIUC
HalpaBJIeHuEe K MHOIPY’KHOMY CTaKaHy IpPH JOCTHKEHUU
cBOOOJHON MOBEPXHOCTH MOAEIBHON skuakocTu. [lomns
CKOpOCTEH 110 06€ CTOPOHBI CTOPOHBI CTaKaHa UMEIOT CTPO-
T'YI0 CHMMETPHIO.

[Tocrne 3aBepiueHus pa3MelLeH!s] CMEHHOTO TIOIPY»KHO-
rO CTakaHa PsJIOM C 3aMeHSieMbIM (puc. 3, 0), CAMMETPHS
(OpPMBI OCHOBHOTO HUCXOISIIIIETO TIOTOKA HAPYIIACTCS M OH
YaCTUYHO CMENIAeTCsl OT LIEHTPAJIbHON BEPTUKAIBHON OCH
MOJIEJIM KPUCTANIN3aTOPa B CTOPOHY €€ JIEBOW y3KOH CTEH-
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Puc. 3. KapTuns! pacripeneneHus 30H IUPKYJSINAN 1 TT0JIeH CKopocTei (M/C) HUAKOCTHBIX TIOTOKOB B MOJIENIN KPHCTAJUIN3ATOpa, HAOIIOAABIINECS
IIPY CMEHE MPSIMOTOYHOTO MOTPYKHOTO CTaKaHa

Fig. 3. Distribution patterns of circulation areas and velocities fields (m/s) of fluid flows in the mold model observed during the once-through
submerged nozzle changing

KM, a Iepenaj CKOpocTel y MpPOTUBONOIOXKHBIX CTEHOK
jJocruraer 3HadeHui 2,0 — 2,3, 4To B peajbHbIX YCIOBUAX
BBI30BET JieCTaOMIM3ALUI0 Mpouecca (OPMUPOBAHUS KO-
pOYKH OTIMBaeMoii 3arotoBku [19].

Ilo 3aBepiIeHUM NEpeBOJa B MO3ULUIO PA3IMBKU pe-
3epBHOTO MOTPYKHOTO CTakaHa (puc. 3, 8), HAXOMSIIUICS
ClleBa OT HEro 3aMEHEHHBIN CTakaH BHOCHUT BO3MYILEHHE
B 30HY LUPKYJISIINH, B PE3yJbTaTe 4ero HaOIIOAaeTCs CMe-
LIEHUE KOHTYPa OCHOBHOTO HUCXOJSIIETrO IOTOKA OT LIEHT-
paJIbHOM BEPTUKAJILHOW OCH MOJENIN KPUCTaLUIN3aTopa Te-
Hephb yxkKe K IPaBoi ero y3Koi CTeHKe. DTO TaKxkKe IPUBOJUT
K TIeperagy CKOpOCTEeH MOTOKOB 0 00€ CTOPOHBI ITOTPYXK-
HOT'O CTaKaHa, YTO HapylaeT CTaOUIbHOCTb YCIOBUH (op-
MHUPOBAHUSI KOPOUKHU 3aTOTOBKH.

IIpu ucnonb3oBaHUU OE3HAMOPHBIX MOTPYKHBIX CTa-
KaHOB C OOKOBBIMH OTBEpCTHSIMU HaOmomaeTcs WHas
CTPYKTYpa THUAPABIMYECKUX IOTOKOB, OOYyCIOBJIEHHAs
HQJIMYMEM BBIIIC M HIXKE BBIXOTHBIX OTBEPCTHH BHXpel
C OJTHOHAIIPABJIEHHONH OOpaTHOW Jpyr K Jpyry LUPKY-
JSIHeH ¢ HUCXOMIIIUMM IOTOKaMH BIOJIb 0OpasyroImei
LUINHPUYECKON MOBEPXHOCTH CTaKaHA U BOCXOSIUMHU
[IOTOKAMHU BJOJIb Y3KUX CTEHOK MOJENIM KPUCTAJUIM3aTOpa

(puc. 4, a). Tlonst cKOpOCTEH KUIKOCTHBIX TIOTOKOB IpaK-
TUYECKH CTPOTO CHMMETPUYHBI.

BBeneHHbIH B MOJIOCTh MOJIENH KPUCTAIUIM3ATOPa BTO-
poii (pe3epBHBINA) MOTPYKHOM CTAaKaH MPEISTCTBYET CBO-
0O0ZIHOMY HCTEYEHHIO KHUJKOCTH M3 ONMKaWIIero K HeMy
OOKOBOTO OTBEPCTHSA CTaKaHa, IIOUICKAIICTO 3aMCHE
(puc. 4, 6), uTO Ccpa3zy ke BbI3bIBACT HAPYIICHUE CHUMMET-
pUM TpaeKTOpuUu M Iojell ckopocTel NoTokoB. B 3TOM
Cllydae TeIJIOBbIe YCIOBUS (POPMUPOBAHUS KOPOUKU Y3KUX
rpaHeii 3aroTOBKH OyIyT pa3HBIMH, 9TO OTPHIATEIBHO OT-
pa3uTCs Ha ee CTPYKType.

ITocie nepeMereHus pe3epBHOTO CTaKaHa Ha MO3UITHIO
Pa3IMBKH, HAXOASAIIUICS cleBa OT HEro 3aMEeHEeHHbIH cTa-
KaH CO3/aeT MPEISITCTBHE MCTEKAIOIIEMy B €TO CTOPOHY
NmoToKy (puc. 4, 6) 1 BHOCUT HUCKKEHUSI B KAPTUHY TOJIeH
CKOPOCTEH ¢ TepenagaMu WX 3HAYCHUH, JOCTHTAONIMU
1,2 —4,0. 310 B UTOre OTPUIIATEIIBHO OTPA3UTCS HA YCJIO-
BUSX (POPMUPOBAHUSI KOPOUKHU CITUTKA.

C yu4eToM BBIIIECKa3aHHOTO, IO MHEHHIO aBTOPOB, SIB-
JSIeTCSl JIOTHYHBIM yTBEPXKICHHE O IIEIECO00pa3HOCTH
BHECEHHUS] M3MEHEHWMH B OpPraHM3alMI0 TpolLecca CMEHBI
MOTPYKHBIX CTAaKaHOB MPU HEMPEPHIBHOW Pa3IMBKE CTAIN
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Puc. 4. KapTuHbI pactipeneseHus 30H HUPKYISIHUN U TTOJICH CKopocTei (M/C) )HUIKOCTHBIX TIOTOKOB B MOJICJIN KPHCTAIIN3ATOpa, 3a()MKCUPOBAHHbIE
IIPU CMEHEe Oe3HAOPHOTO NOTPYKHOTO CTAKaHa C ABYMsI OOKOBBIMU OTBEPCTHIMH

Fig. 4. Distribution patterns of circulation areas and velocity fields (m/s) of fluid flows in the mold model recorded during nozzle changing of non-
pressure submerged nozzles with two lateral holes

Ha CIII00BYIO 3arOTOBKY, a TaKKe Pa3paOOTKH HOBOW KOH-
LEMNLIUUA CO3JaHUsl CUCTEM [Uld €r0 pealu3alldd C MUHU-
MaJIbHbIMH BPEMEHHBIMHU 3aTPATaMH.

B coorBerctBum ¢ paHee NMPUHATON KOHLENLMEH IOCT-
POEHUsI CTPYKTYpbl CUCTEMBI OBICTPON CMEHBI MOTPY’KHBIX
CTaKaHOB, €€ PACCMATPUBAIOT KAK COBOKYITHOCTb B3aUMOCBS-
3aHHBIX U BMECTE C TEM CAMOCTOSITENBHBIX YCTPOHCTB, MO3BO-
JSTIOLIMX OCYHIECTBUTbh KOMIUIEKC OIEPALid, BKIIFOUAOIIIH:

— TepeMelleHre B IPOCTPAHCTBE CMEHHOIO CTAaKaHa ¢
NO3MULMU 3arpy3KH Ha MPUEMHBIE HalpaBJIIOLIUE Pa3Jiu-
BOYHOI'O YCTPOHUCTBA MPOMEKYTOYHOIO KOBILIA;

— [IPOTAJIKUBAHUE ITOI0 CTaKaHa Ha MO3ULIUIO PA3JIUBKU
C OZIHOBPEMEHHBIM NE€pEeMEILEHHEM OTPAOOTaHHOIO CTaKa-
Ha C NO3ULIUU PA3IUBKU Ha [TO3ULUIO U3BJICUEHMUS,;

— yAaJleHHe JaHHOTO CTakaHa U3 pabovei 30HEL.

IIpu »TOM M3 BCEMl COBOKYNHOCTH 3aJ€MCTBOBAHHBIX
(YHKIMOHATBHBIX ~ YCTPOWCTB 3HAYMMBIMH  CUHTAINChH
TOJIBKO J1BA: Pa3IMBOYHOE M MEPETAIKHBAIOIIEE YCTPOUCT-
Ba, a OCTAJIbHBIC OTHOCHJIM K BCTIOMOTaTeIbHBIM HIIH BOOO-
1e He Opaiy B pacueT B CIIydae BHINOJIHEHNUS onepanuii no
ojiaue HOBOrO U yOOpKe OTpabOTAHHOIO CTAKaHOB BpPYY-
Hy1o [20]. ITpu Takoll uepapXxUUECKOi CTPYKType NOCTpoe-
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HUSI CHCTEM OBICTPOI CMEHBI TIOTPY)KHBIX CTaKaHOB BCIIO-
MoOTaTrelbHbIE OINEpal Mo JJIUTEIIbHOCTH B HECKOJIBKO
pa3 IPEeBBIILAIOT OCHOBHBIE, B CBSI3U C UEM yBEJIMUHUBACTCS
MIPOMEXYTOK BPEMEHH, B TEUEHHE KOTOPOTO B KPUCTAJUIN-
3arope cistooBoit MHJI3 HapyiieHa cTaOHMIIbHOCTh OpTraHu-
3alMM MTOTOKOB CTaJIM M, KaK CKa3aHO BbIIIE, YXYALIAIOTCS
yci10BUs POPMUPOBAHUS OTIMBAEMOM 3arOTOBKH.

C 1eb10 3aMETHOTO COKPALIEHUS TPOLODKUTEILHOCTU
HaXOXKJIEHHA B IIOJIOCTH KPUCTAJUIN3ATOPA JABYX MOTPY>KHBIX
CTaKaHOB B MPOLECCE UX CMEHBI, Mpeiaracrcs oobenu-
HUTH B €JUHYIO CUCTEMY Pa3IMBOYHOE yCTPOICTBO MpoMe-
YKYTOYHOTO KOBIIIA M CHEIHAIBbHBIM MaHMITYJSITOP B TaKOH
KOMOMHAINH, TP KOTOPOH OBl MCKIIOYAJIHCh OIepallny,
CBSI3aHHBIE C IEPEMELIEHUS MU CHJIOBOTO THIPOIMIINHIPA
JUIA TIepeBojia ero u3 paboyeil Mo3uLuu B MApKOBOYHYIO U
MIOCJIELYIOLUM BO3BPaTOM Ha JIMHUIO JOCBUIAHUS CMEHHOTO
MOTPY’KHOTO CTaKaHa, a TAKXKe 00eCIICYHBAIOCH MCXaHU3H-
POBaHHOE BBINOJIHEHNE B aBTOMATUYECKOM PEKUME TTOAAUH
pE3epBHOIO M yOOpPKH OTpabOTaHHOIO OTHEYHOPHBIX 3J1e-
MEHTOB, 3alUINAIONINX CTab OT BTOPUYHOTIO OKUCIICHHUS.

VYkazaHHble yCIIOBUS (DYHKLHOHUPOBAHUS AIIEMEHTOB
MpeAsIaraeMoi CHCTEMBI MOXHO OOCCIICUUTDh, €CIIH CHIIO-
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BOM THApOLMIMHAP OyAeT pa3MeInaThesl HE Ha Pa3IuBOY-
HOM YCTpPOWCTBE, a Ha MaHMIYJSATOPE, KOTOPbIH B CBOIO
o4uepeaib HCO6XOILI/IMO YKOMILICKTOBATH JOMOJHUTCIIbHBIM
CXBaTOM JIJISI YACP)KaHHUS OTPaOOTaHHOTO ITOTPYKHOTO CTa-
KaHa ¥ COOOIIEHHS eMy 3aaHHOH TPaeKTOPUH ABUKCHUS B
MIPOCTPAHCTBE IPH MEXaHU3MPOBAHHOHN YOOPKE U3 MOIOCTH
Kpuctamumsaropa [21].

YcoBepIIEHCTBOBAHHBI MAHUIYJISTOP BKJIIOYAET Clie-
AYHOMAEC MEXaHU3MbI: MMOAa4YM CMCEHHOI'O CTaKaHa K pas-
JHUBOYHOMY YCTPOHCTBY MPOMEXYTOUHOTO KOBINA; YOOPKH
O0Tpa0OTAaHHOTO CTaKaHa M3 MOJOCTU KPUCTAJIIU3ATOPa;
YIpaBICHUS MOJOKEHHEM 0a3bl, MCIIOIb3yeMbIe COOTBET-
CTBEHHO IIpU HACTPOMKE KOOPAUHAT X, V), Z.

Buv1600wt. Pe3ynbrarel BBIOJHEHHBIX MOJIEJIBHBIX HC-
CIIeZI0BAHUI MTO3BOIMIN 0O0CHOBATH HOBBII MOIXOA K CO3-
AHWIO CHCTEMBI OBICTPOH CMEHBI ITOTPY>KHBIX CTaKaHOB
JUIs CepuitHOM pasnuBKu cTanu Ha cisooBoit MHII3, uc-
MIOJTH30BaHNE KOTOPOI MO3BOIUT COKPATHTH B 2 paza 00-
LIYIO IIPOIOJDKUTENIBHOCTh KOMIIJIEKCA BBIIOJIHAEMBIX OIle-
pauuii ¥ 3a CYET ATOTO0 YMEHBLIUTDH [IPOMEKYTOK BPEMEHH,
B TCUCHUE KOTOPOTO (POPMHUPOBAHHE KOPOUKU 3arOTOBKU
MPOTEKaeT B HEONATONPHATHBIX THAPOIUHAMHUIECKUX
ycloBUsAX. B pe3ynbrare moBBICUTCS BBIXOJ T'OJAHOM 3aro-
TOBKHU.
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MODEL STUDIES OF HYDRODYNAMIC CHANGES OF STEEL FLOWS IN MOLD
OF SLAB CCM DURING SUBMERGED NOZZLES REPLACEMENT

S.P. Eron’ko, V.I. Zolotukhin®3, M.Yu. Tkachev', D.A. Pro-
votorov®3, E.V. Oshovskaya'

! Donetsk National Technical University, Donetsk, Ukraine
2Tula State University, Tula, Russia
3 Scientific Industrial Enterprise “Vulkan-TM?”, Tula, Russia

Abstract. The analysis results of trends and modern techniques of research
in the field of steel continuous casting are highlighted which are aimed
at finding and eliminating of factors that have a negative impact on the

surface quality of continuous cast billets. It is shown that the existing
concept of creating quick change systems of submerged nozzles, which
are used on the slab CCM, leads to the formation at the each stream
of machine during serial casting of 20 heates of substandard portion
of the billet with 30 —40 m of length, formed as a result of unstable
hydrodynamic conditions in the mold. The research results are given
for the physical model of changes of trajectory and speed of the metal
flows into the CCM mold, which are related with submerged nozzles
replacement in the process of serial casting of steel. Recommendations
to reduce duration of the negative impact of this factor on the con-
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ditions of cast billet formation are offered. Using control-measuring
system with strain gauge transducer, it was found that the fluid flows
velocity difference at the opposite narrow walls of the mold model,
causing a violation of the thermal conditions of crust formation of con-
tinuous casting billet, in the case of once-through submerged nozzles
can reach 2.0 — 2.3 and for non-pressure hollow-bottom nozzles with
two lateral holes separated by divider — 1.2 —4.0. Information about
the trajectory symmetry breaking of circulation circuits of melt flows
in the mold, caused by conducting of operation of outworn submerged
nozzle replacing, also was obtained using high speed video materials.
During the research the visualization of water flows trajectories, which
simulated the molten steel in the mold model, was provided by intro-
duction of air through a channel of model of stopper-monoblock of the
tundish, so that the input of argon during casting was simulated. The
obtained information allowed to develop a new principle of construc-
tion of system of submerged nozzles quick change which consists the
combined and parallel implementation of individual stages of refracto-
ries replacement by its structural elements (manipulator, teeming and
pushing devices). It allowed to reduce the time required to replace a
outworn submerged nozzle and to increase the yield during the produc-
tion of slab billets on CCM.

Keywords: continuous casting, submerged nozzle, mold, physical model,

metal flows, duration of the nozzle replacing, manipulation system.
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