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3aHHBIX C BBISBICHHEM M yCTpaHEHHEM ()aKTOPOB, OKA3bIBAIOIIMX HEraTUBHOC BIMSHUE Ha KaYeCTBO MOBEPXHOCTH HENPEPHIBHOIUTBHIX 3ar0TO-
BOK. [lokasaHo, 4TO CymIeCTByIOIIas KOHIEMHIHsS TOCTPOCHHUS CHCTEM OBICTPOIl CMEHBI HOTPYKHBIX CTAKAHOB, YKCIUTYaTUPYEMbIX Ha CISIOOBBIX
MHJI3, npuBoauT K GOPMUPOBAHHUIO HAa KAKIOM PyUbe MAIINHBI B TEUCHUE CEPUIHON pa3nuBKy 20 IIaBOK HEKOHJUIIOHHOTO Y4acTKa 3ar0TOBKH
JutHO# 30 — 40 M, 00pa3yIomerocst B UTOre M3-3a HECTAOMJIBHBIX MMAPOAMHAMUYECKHX YCIOBHH B KpHcTaiumzarope. [IpuBeneHbl pe3ysbrarhi
HCCIIeIoBaHUs Ha (DPM3MYECKOW MOJEIN M3MEHEHUH TPACKTOPHU U CKOPOCTH JIBIDKCHHS TIOTOKOB MeTajlla B Kpuctaium3sarope cisioosoir MHII3,
CBSI3aHHBIX C 3aMEHOI MOTPYXKHBIX CTAKaHOB B IPOLECCE CEPUHHON PA3JIMBKU CTAH, @ TAKKE TIPEIOKECHbI PEKOMEHIAINH 110 CHIKEHHIO TN~
TEJILHOCTH HEraTUBHOTO BO3JICHCTBHUS JJAaHHOTO (hakTopa Ha yciaoBHs (JOPMHUPOBAHHS OTIMBAEMON 3aroTOBKHU. [Ipy MOMOIIM KOHTPOJIBHO-M3MEPH-
TENBHOTO KOMILIEKCA ¢ TEH30Pe3HUCTOPHBIM MPpeodpa3oBareieM YCTaHOBICHO, YTO Hepenas] CKOPOCTeH KUIKOCTHBIX TOTOKOB y IIPOTHBOIMOIOKHBIX
Y3KHX CTEHOK MOJEIH KPHCTAJUIM3aToOpa, BBI3BIBAIOLINI HAPYLIEHHE TEIUIOBBIX YCIOBUH (OPMUPOBAHUS KOPOUKH HEHPEPHIBHOJIMTOH 3arOTOBKH,
B CJIy4ae MUCIOIb30BaHUs MPSIMOTOYHBIX MTOTPYKHBIX CTAKAHOB MOXKET J0CTUTaTh 3HaueHuit 2,0 — 2,3, a 171t Oe3HANOPHBIX [IYXOJOHHBIX CTAaKaHOB
¢ 1ByMsi OOKOBBIMH OTBEPCTHSIMH, pa3/eleHHbIMH paccekareieM, 1,2 — 4,0. C ucronb30BaHHEM MaTepUalioB CKOPOCTHOH BHACOCHEMKH TaKKe
noJryueHa nHMOpMaNKs 0 HAPYLUICHUH CUMMETPUH TPASKTOPHHU IIUPKY/ISIIMOHHBIX KOHTYPOB IIOTOKOB PAacIliaBa B KPUCTAJIN3ATOPE, 00YCIOBICH-
HOM IIPOBE/ICHUEM ONEPAIMU 3aMEHBI N3HOIIEHHOTO ITOrPY)KHOIO CTakaHa. B Xxozie uccienoBaHuil BU3yalln3alii0 TPACKTOPHIA JBUKEHUS TOTOKOB
BOJIbI, IMHTHPOBABIIICH JKHIKYIO CTajlb, B MOJICIIM KPHCTAJUIM3aTOpa 00ECIICYNBAIIN BBEICHUEM BO3/IyXa Yepe3 KaHall MOJIeIH CTONOPa-MOHOOIOKa
IIPOMEXXYTOYHOTO KOBIIIA, Oiarofapst 4emMy CHUMYJIMPOBAIM I0Jady aproHa BO BpeMs pa3iuBKH. [lomydeHHbIE CBEJCHHS TO3BOJIMIN pa3paboTaTh
HOBBIH IPUHIMI IOCTPOCHHUS CUCTEMBI OBICTPOIT CMEHBI TIOTPYIKHBIX CTAKAHOB, 3aKIIFOYAIOIIMNCS B COBMEIICHHOM U MAPAJICIbHOM BBINOIHEHUH
ee CTPYKTYPHBIMH dJIEMEHTaMH (MaHUITYJIITOPOM, Pa3JIMBOYHBIM M IIEPETAIKUBAIOIINM YCTPOWCTBAMH) OT/ICJIBHBIX 3TAIOB IIPOLIECCa 3aMEHBI OT'He-
YIOPHBIX U3IEIUHA. DTO IO3BOMISET COKPATUTH BPEMEHHBIE 3aTPAThl HA CMEHY M3HOLICHHOTO MOTPYKHOTO CTaKaHa U MOBBICHTH BBIXOJ TOJHOTO IIPU
HPOM3BOJICTBE CIIs100BOI 3arotoBku Ha MHJI3.

Kniouesvie cnosa: HenpepblBHAsE pa3iiBKa, IOIPYKHOM CTakaH, KPHCTAILIN3ATOP, GpU3nUEeCKask MOZENb, TOTOKH METaa, IJIUTEIbHOCTh CMEHBI CTAaKaHa,

MaHUITYJIIITUOHHASI CUCTEMA.
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KadgecTBO MOBEpXHOCTH, CTPYKTypa IMPHIICTAIOIIETO K
Hel CJ10s1 ¥ KOTMYEeCTBO BHYTPEHHUX J€(DEKTOB HEITPEPHIBHO-
JIUTOW 3arOTOBKH B 3HAYMTEIILHON Mepe 3aBUCAT OT CTaOWIIb-
HOCTH IOTOKOB MeTaylia B Kpucramuuzarope MHII3 [1 —7].
ITosToMy psin wccnenoBaHUM TOCIEOHUX JIET, MPOBOIUB-
IUXCsl B 001aCTH HENPEPHIBHOW PA3IMBKU CTaJIU, OBbUT CBsI-
3aH C TIONCKOM ONTHUMAaJbHX T€OMETPHUYESCKHUX TapaMeTpOB
U croco6oB GopmupoBaHus [8] MOrPYyKHBIX CTAKaHOB, TO-
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BBIIIAIOIINX PABHOMEPHOCTb CKOPOCTEH MUPKYJIHUPYIOIINX
CJIOCB JKHJIKOTO METaJlla, a TAK)KE ¢ COBEPIIICHCTBOBAHUEM
CHCTEM €r0 JJICKTPOMATHUTHOTO MEPEMEITUBAHKS U TOPMO-
JKCHUST B KPUCTAUTU3aTOPax MAIIWH HEMPEPHIBHOTO JIUThS
3arotoBoK [9 — 12]. Tlpm sTOM IS TIOMYyYEHUS HMCXOTHON
HHPOPMAIIMA W TIPOBEPKH TPABHILHOCTH MPHHAMAEMBIX
TEXHUYIECKUX PEHICHU IMPOKO UCITOIB30BAIN METOIBI Ma-
TEMaTU4YeCcKoro 1 pu3nveckoro mojenupoBanus [13 — 16].
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Crnenmyer OTMETUTb, YTO BO BpeMs HENpEephIBHOH pas-
JIMBKH CTATH OONBIIMMH CEPUSMH CTaJl MPOSBISTHCS CIIe
oauH (hakTop, AEeCTa0MIM3UPYIOMIMKA TUAPOJUHAMUKY
MOTOKOB B BEPXHEH YacTW KPHCTALTU3aToOpa CIsI00BOM
MHJI3. Peub uznet 0 BOBMYIIEHUAX, BHOCUMBIX B KAPTUHY
pacrpeneneHus 30H MUPKYISIIH )KAIKOH CTaIn H3HOCUB-
[IMMCsl U PE3EPBHBIM ITOTPYKHBIMH CTaKaHAMM, TIOCIIEIO0-
BaTEIHFHO COBEPIIAIOIIUMHE ABIKCHHE TI0 CIIOKHOM Tpaek-
TOPUU B TMOJIOCTH KPUCTAJUIM3ATOPa B XOZE MPOBEICHUS
ux cmensl [17 — 18]. Kak mokasanu pe3ynbrarsl XpoHOME-
Tpaxa, MPOAOKUTEIBHOCTh Ipoliecca 3aMeHbl 0Tpado-
TaHHOTO 3aIIUTHOTO OTHEYIOPHOTO M3ICNUS COCTABISACT
1,5 — 2,0 MuH, a BBITIOJIHEHUE TAKOH 3aMEHBI TTPOUCXOUT
HE MEHEE OIHOTO pa3a 3a BpPeMsI pa3IMBKHU OJHOW ITABKH.
Ortcrofa ciie[lyeT, 4To MPU CKOPOCTH pa3IuBKH Ha cisi00-
Boit MHJI3 1 M/MUH 1 cpeHeM Yncie 1aBok B cepuu 20,
Ha KaXJ0M pyube MamuHbl hopmupoBanue 30 — 40 M 3a-
TOTOBKH MPOUCXOIUT B HECTAOMIBLHBIX THAPOJHHAMUYCC-
KHX YCIIOBHSIX, HEONArompHsITHO BIMSIOIIUX HAa €¢ Ka-
9YECTBO.

B cBA3u ¢ 3TUM, C LIENbIO OLIGHKU CTENEHU BIIUSHUS
YCIIOBUH peanu3ayy IpoIecca 3aMeHbI MOTPYKHBIX CTa-
KaHOB Ha TPAEKTOPHUIO U CKOPOCTb IUPKYJSIHMHU TMOTOKOB
METaJuIa B TOJIOCTH KPUCTAIIIM3AaTOPa C OOBIINM IOTIeped-
HBIM CEYEHHEM, BBITIOJHEHO UCCIIeIOBaHNE Ha (PU3NUECKOM
MOZETH HAPYIICHHUS CUMMETPHU KapTHUHBI IUPKYISIHOH-
HBIX KOHTYpOB, BO30YXKIA€MbIX B 30HAX, NPUJIETAOIINX
K Y3KHM TpaHsIM OTIMBaeMO# 3arotoBku. MHopmarus o
TPAeKTOPUHU MTOTOKOB U 3HAYEHUAX UX CKOPOCTEU TO3BOJIUT
MOJTYYUTH UCXOIHBIE TaHHBIC, HEOOXOAUMBIE IS pa3padoT-
KM KOMIUIEKCA MEPOIPUATHH, CTIOCOOCTBYIOLIMX MHUHUMHU-
3aIliH BPEMEHHBIX 3aTpaT Ha CMEHY BBIMICAIICTO U3 CTPOS
OTHEYIOPHOTO M3JIENH.

Jns mpoBeneHHs SKCIICPUMEHTOB OblIa M3TOTOBJIICHA
nabopaTopHasi yCTaHOBKa, CXeMa KOTOPOHl IOKa3aHa Ha
puc. 1. OHa BKJIIOUaja MpO3pavyHble TUIOCKHUE MOJIENH TIPO-
MEKYTOYHOTO KOBIIA 5 M KpHCTaJUIH3aTopa 8, 3aKperuieH-
HbIe Ha METAJNIOKOHCTpYyKIuu 15. PaznumBodHas cucrema
MOJIEJIA MPOMEKYTOUYHOTO KOBIIA COCTOsIa U3 MEXaHU3Ma
3 ympaBiieHus TOJIOKEHHEM CTOIopa-MOHOONIoKa 4, obec-
MIEYMBAIONIETO JIO3UPOBAHHBINA MEPETUB KUIKOCTH, CHMY-
JUPYFOIEH paciiiaB, a TakKe yCTporucTBO 12 it 3aMeHbI
0TpaboOTaHHOrO MOrpyKHOro cTrakana 11 pesepBHBIM 7
C TOMOIIBIO CHEIHATBHOrO Tonmkarens 6. KoHcTpykTus-
HOM 0COOEHHOCTBIO MOJENIM KPUCTAIUIM3aTOpa CIsi00BOM
MHJI3 66110 TO, YTO OTTOK W3 HEE KHUIKOCTH MPOUCXOIUIT
yepes MHOTOYMCIICHHBIE OTBEPCTHUS MAJIOro JUaMeTpa, paB-
HOMEpHO pacIpeieiIeHHbIe B e¢ JHUINE, Omarogaps 4emy
YCTPaHSJIOCh BO3MOXKHOE HCKa)KEHHE KapTHHBI ITOTOKOB,
(hopMHpyeMoii B 30HE paCTIONIOKEHHSI MOJIETICH TTOTPYKHBIX
cTakaHOB. MojieNibHas KUAKOCTb, COOMpaeMas ¢ MOMOIIbIO
mTyrepoB 9 B 00IIy0 €MKOCTh, 3aTeM IO TpyOONpoBoILy
nogaBanack HacocoM 10 B kxaHan mMomenu muOepHOro 3a-
TBOpa 14, cHaGX)eHHOTO 3amuTHOW TpyOoi 13. Jlns Bay-
BaHHS BO3/IyXa B BBIITYCKHON KaHAJ MOJIEIU MPOMEKYTOU-
HOTO KOBIIA BO3AyXa, WMHTHUPYIOUIETO apTOH, CIYKWIH
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Puc. 1. Cxema 1abopaTopHO# yCTaHOBKH IJIsl MOJCIMPOBAHUS IIpoIiecca
CMEHBI OTPYXKHBIX CTaKaHOB

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

komripeccop 16 u pecusep 1. PerymupoBanue pacxoma mo-
JIaBaeMOTO BO3yXa 00eCTIeYMBAaIU C TOMOIIBIO KpaHa 2.

Macimtabbl MOACTUPOBAHUS PA3JIMBKH CISI00BOW 3a-
rotoBku ceueHrneM 1000%250 MM, BBITATHBAEMOM CO CKO-
poctbro 1,0 — 1,2 M/MHH, ONIPEICTWIIA C YYETOM aBTOMO-
JIENIbHOCTH OTHOCHUTENBHO 4Hcia monodus PeiitHonbaca
(Re), 3HAueHME KOTOpPOTO cocTaBisuio Re = 1220.

1 KOHTPOJISI CKOPOCTH KHUJIKOCTHBIX TOTOKOB UCTIONb-
30BaJIM M3MEPHUTENBHBIN 30HJ, CHAOXCHHBIA TCH30pE3H-
CTOPHBIM TpeoOpazoBaTesieM U CXeMaTHMYHO MOKa3aHHBIN
Ha puc. 2. OH cOCTOsT U3 MOJIOW IITaHTH 1, Ha KOHIIE KO-
TOPOM 3aKperieH CTEKISTHHBIN OaJllIoH 2 ¢ KOHCOJBHO 3a-
IICMJICHHBIM B €TO TIOJIOCTH YIIPYTHUM 2JIEMEHTOM 3 B BHIIC
TUIACTUHKU. Ha MpOTHBOMOJIOXKHBIX MOBEPXHOCTAX JTOM
IUTACTUHKN HAKJICeCHB! (DOIBrOBBIE TEH30MATUUKH COIPO-
tuBineHneM 200 OM, coeIWHEHHbIE MO TIOJIYMOCTOBOM
cxeMme. bamioH repMeTH3MpoBaH C TOMOIIBIO PE3HHOBO-
ro Konmayka 4, CKBO3b KOTOPBIA MPOXOIUII COSAUHEHHBIN
C YIIPYTUM BIIEMEHTOM pblYar 5, CHaO)KCHHBIN Ha KOHIIC
quckoMm 6. Ilpu sTOM Ui M3MEpEeHUHUsi CKOPOCTEH KHI-
KOCTHBIX TIOTOKOB B TOPH30HTAJIBHOM IUTOCKOCTH IMpPHUME-
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Puc. 2. Cxema 30HAA AJIst KOHTPOJISI CKOPOCTH KUAKOCTHBIX ITIOTOKOB

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

HSUTH 30H]I C TIPSIMBIM pPBIYaroM (puc. 2, a), a B BEpTHKAIb-
HOU TNTIOCKOCTH — C PBIYaroM, M30THYTHIM TOx yriiom 90°
(puc. 2, 6). TeHzope3ucTopHBIN MpeoOdpa3oBareib 30HIA
BXOIIJI B COCTaB KOHTPOJHHO-U3MEPUTEIHHOTO KOMILICK-
Ca, BKIIIOYABIIECTO TaKXE quLIpeXKaHaJILHI)Iﬁ YCUIIUTEIIb
nepemenHoro toka YT 4-1 (TY 25.06.1377-82), ananoro-
dpoBoii mpeodpaszosarens (ALIT) 1 DBM.

[puHImn paboTel 30HIa COCTOUT B TOM, YTO IPH BO3-
JICUCTBUM Ha €ro JUCK JMHAMHYECKOro Haropa )HAKOCT-
HOTO TIOTOKA, MPOIOPIIMOHATIBHOTO KBAJIPATy €ro CKOpOC-
TH, BO3HUKAaeT CHJA, W3rHOaronias YIpyruid OSJIeMEHT
C HaKJICCHHBIMH JaTyukamu. [Ipu nedopManum naTaukoB
BO3HHUKACT NEKTPUYESCKUI CHTHAJI, TIO3BOJISIOIIMI OCie
YCHJICHUS, IPeoOpa30oBaHusl B IUPPOBOM KOI U COOTBETCT-
BYIOIIE 00pabOTKK ¢ IOMOIIBIO TIPOTPAMMHOTO TIPOTYKTa
MOJTYYUTh JaHHBIC O CKOPOCTH IIOTOKA MOJIEIIEHOM KHIKOC-
TH B TOYKE pa3MeIleHHs IPUEMHOT0 JIMCKa 30H .

[Ipu uccieroBaHUM IpoIIecca 3aMEHBI IOTPY)KHBIX CTa-
KaHOB MCIIOJIb30BaHbl JIBa BapuaHta ux mozened. OauH
KOMIUICKT BKJIFOYaJl MOJIEITH IPSIMOTOYHBIX CTaKaHOB,
a Ipyroil — Mozenu Oe3HATIOPHBIX CTAKaHOB C JIBYMs 00-
KOBBIMH OTBEPCTHSIMH, PACIIOIOKEHHBIMU B HIDKHEH YacTH
U pa3/IeICHHBIMH PACCEKATEIICM.

OmBITH Ha TA0OPATOPHOH YCTAaHOBKE ITPOBOIMIIN B ClIe-
Jyromie mocienoBarenbHOCTH. [lpenBapurenbHo B Ha-
MIPaBJISIONINX yCTpoicTBa 12 COOCHO C BBITYCKHBIM KaHa-
JIOM MOJISITH ITPOMEIKYTOYHOTO KOBIIIA 5 pa3Meraii MoJesb
MOTPYKHOTO cTakana 11, moreskariero 3aMeHe. 3aTeM MpH
OITyIIICHHOM B HI)KHEE MOJIOKCHHE CTOIOpe-MOHOOMOKE 4
1 BBIKJTIOYEHHOM Hacoce 10 Momenu mpoMeskyTOYHOTO KOB-
nra 5 U KpucTaju3aropa 8 3armoiHsuim BoJOH 10 3aJaHHBIX
ypoBHeii. [Tocie oqHOBpEMEHHOTO MOJHATHS ¢ TTOMOIIBIO
MexaHu3Ma 3 cromopa-MoHoOmoka 4 u mycka Hacoca 10
IyTEM PETyJIHPOBAHUS €ro IPOU3BOAUTEIFHOCTH JTOOH-
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BaJMCh TOAJEPXKAHUA TIOCTOSHCTBA YPOBHEH >KUAKOCTH
B MOJIEJIIX MPOMEKYTOUHOIO KOBIIA M KPUCTAJJIM3aTopa,
a TaKkKe BKJIIOYANM KomIpeccop 16, 3akaqyuBaroIIuii Bo3-
IyX B pecuBep 1, 3 KOTOPOTO OH Yepe3 PeryIHpOBOYHBIH
KpaH 2 HarHeTaJCs B MOJIOCTh CTOMOPa-MOHOOOKA 4 U fa-
Jiee yBJIEKaJICs IOTOKOM >KUJKOCTH, MUCTEKAIOLIEeH uepes 1o-
rpykHoii crakan 11 B Monenpb kpuctaiiuzaropa. biarona-
psl TOMY, YTO IIpH [IOIIaIaHuy BIyBaeMOIro BO3/lyXa B CTpye
JKUJIKOCTH B KPHUCTAJUTU3ATOp MPOHMCXOIMWIO 00pa3zoBaHue
MENBIalIINX ITy3bIPHKOB, 00CCIICUNBAIACh BU3yaTH3aIHs
TPaeKTOPUil IBMKEHHS yBIIEKABIIMX HX MTOTOKOB BOJBI.

HaOmiomaemple KapTHHBI 30H IHPKYISAIHH ITOTOKOB
(UKCUpOBaIM C HCIIOIB30BAHUEM CKOPOCTHOM BHEO-
CBEMKH C IIOMOLIbIO KaMepbl, YCTAaHOBJIEHHON Ha IITaTH-
BE Ha HEKOTOPOM YyAAJICHUU OT JJaOOpaTOPHOI yCTaHOBKH.
B xo/ie mpoBonuBIIMXCSI HAOTIOICHHU CUMYIIMPOBAIIN TIPO-
LIECC CMEHBI MOTPY>KHOTO CTakaHa. J[jst 3Toro ¢ noMopto
CHEIMAIBHOIO KJIEIEBOro 3axBaTa MOZAEIb CMEHHOIO Or-
HEYIOPHOT'0 AJIEMEHTA IJIaBHO 3aBOAMIIM B MOJOCTh MOJIE-
JIY KpUCTaUIM3aToOpa U YCTaHABIMBAJIU B HaIPaBIISIOLINE
PSAAOM CO CTakaHOM, Mojyiexanum 3amene. [locne srtoro,
UCTIONB3YS TOJKATENb, OCYIIECTBILUTH IIepeMenieHne 000-
UX CTaKaHOB Ha 33JJaHHOE PACCTOSIHUE, B PE3YJIbTAaTEe YEro
pe3epBHBII OrHEYNOp 3aHUMaJl MO3ULMIO Pa3IMBKH, a OT-
paboTaHHBI 3aTeM yOMpalld U3 MOJOCTU KPUCTAIUIU3ATO-
pa. OnbITEl B yKa3aHHOM IOCII€A0BATEIbHOCTH BBIIIOIHE-
HUS OIlepaluii 10 3aMeHe MOl OTHEYIIOPHBIX CTAKaHOB
MPOBONWIN TSI 000MX paccMarpuBaeMbIX THIOB. IIpoc-
MOTp OTCHSTOrO BUEOMaTepraia B JMHAMUKE U B PEKUME
«CTOI-KaJp» IO03BOJMJI YCTAaHOBUTbH XapaKTEpHbIE H3Me-
HEHMsI B KapTUHAX pPacIpeesieHus] MOTOKOB JKUIAKOCTH B
MOJEJIN KPUCTAJIJIN3aTOpa, CBA3aHHBIE C BO3IECHCTBUEM Ha
30HY LMPKYISLUU UMHTATOpa paciiaBa Mofeneil morpyx-
HBIX CTaKaHOB, I10CJIEJOBATEIbHO COBEPILIAIOIIUX IIEpeMe-
LICHHUS B IPOCTPAHCTBE, HEOOXOAUMBIE JIJISl UX CMEHBI. BhI-
SIBJICHHBIE TIPU 3TOM BO3MYILEHUS, BHOCUMBIE B KapTHHbI
LUUPKYJISIUOHHBIX 30H U TMHAMHKY JKUAKOCTHBIX TTOTOKOB
HaXOAIMMUCS B TIOJIOCTH KPUCTAIN3aTOPA IOT PYKHBIMU
CTaKkaHaMHM, WILTIOCTPUPYIOT KaJpbl BUICOCHEMKH U CXEMBI
ToJIel CKOpOCTeH, MpUBEICHHbIE Ha pucC. 3, 4. [lst momHo-
rO MOHUMaHUs HaOMIOAABIINXCS ABJICHUN HEOOXOAUMO CJie-
JIaTh HEKOTOPbIE KOMMEHTApUU K JTaHHBIM WJUIIOCTPALUSM.

[Ipu pa3nuBKe ¢ UCHOIB30BAHUEM MPSMOTOYHOTO CTa-
KaHa I10J] ypOBEHb (puc. 3, a) HAOIIOIA0TCS KalJICBUIHOM
(hOopMBI OCHOBHOW HUCXOAAILIUHI MOTOK ¢ TIyOMHOW mpo-
aukHoBeHus 300 — 400 MM M BOCXOIAIIME BIOJIbL CTEHOK
KPUCTAJUIM3aTOpa KOHBEKTHBHBIE IOTOKH, HM3MEHSIOLINE
HalpaBJIeHUE K IOIPYKHOMY CTaKaHy IpH JOCTHKEHUU
cBOOOJHON MMOBEPXHOCTH MOAEIBbHON skuakoctu. I[lons
CKOpOCTEH 10 006€ CTOPOHBI CTOPOHBI CTaKaHa HMEIOT CTPO-
T'YI0 CHMMETPHIO.

[Tocine 3aBepiueHus pa3MeLLEHUs] CMEHHOTO IIOIPY’KHO-
ro CTakaHa psIOM C 3aMeHsieMbIM (puc. 3, 6), CUMMETpHs
(OpPMBI OCHOBHOTO HUCXOISIIIIETO TIOTOKA HAPYIIACTCS M OH
YaCTUYHO CMEILAETCs OT LEHTPaJIbHON BEPTUKAIBHON OCH
MOJIETN KPUCTAJUTH3ATOPa B CTOPOHY €€ JIEBOM Y3KOH CTEH-
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Puc. 3. Kaptunsl pacnpeneneHns 30H DUPKYIALIH U MOJIEH CKOpOCTel (M/C) JKUIKOCTHBIX TOTOKOB B MOJIEIIN KPUCTAJLIM3aTOpPa, HaOIIo1aBIInecs
IIPY CMEHE MPSIMOTOYHOTO MOTPY’KHOTO 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 Iepenajg CKOpPOCTe y HPOTHBOINOJIOKHBIX CTEHOK
nocruraetr 3HaueHui 2,0 — 2,3, 4yTO B peajlbHbIX yCIOBUAX
BBI30BET JICCTaOWIIM3AIMIO TIporiecca GOPMUPOBAHUS KO-
POYKH OTIMBaeMOi 3arotoBk# [19].

[To 3aBepuieHnn nepeBoja B MO3MLMIO Pa3IMBKH pe-
3epBHOTO MOTPYKHOTO cTakaHa (puc. 3, 8), HAXOASIIUICS
CJeBa OT HEro 3aMEHEHHbIM CTakaH BHOCHUT BO3MYILEHHE
B 30HY LIUPKYJISILIUY, B PE3yJIbTaTe 4ero HaOII0AAeTCs CMe-
LIEeHWEe KOHTYpa OCHOBHOT'O HUCXOASILETO I10TOKA OT LIEHT-
paJIbHOM BEPTUKAJILHOW OCH MOJEIU KPUCTAUIN3aTopa Te-
TIeph yKe K MPABOM €To Y3KOW CTEHKE. DTO TAKKe PUBOIUT
K Iepemnaay CKOpOCTEeH MOTOKOB MO 00€ CTOPOHBI MOTPYXK-
HOTO CTaKaHa, YTO HapymaeT CTaOMIBHOCTD YCIOBHHA (op-
MHUPOBAHUSI KOPOUKHU 3aTOTOBKHU.

[lpn wmcmonp30BaHMU OE3HANIOPHBIX ITOTPYKHBIX CTa-
KaHOB C OOKOBBIMH OTBEPCTHSIMH HAOJIONAeTCs WHas
CTPYKTypa THUAPABINYECKUX IIOTOKOB, OOYyCIIOBIECHHAS
HaJIW4YUEM BbIINIC M HHXKC BBIXOIHBIX OTBepCTI/II\/‘I BHXpCﬁ
C OJIHOHAIPABICHHOH O00paTHOW Jpyr K JIpyry IUpPKY-
JSIMedl ¢ HUCXOASIIUMM IOTOKAMHU BIOJIb 0Opasyroleit
LWIMHAPUYECKON MOBEPXHOCTU CTAaKaHa M BOCXOASLIUMHU
MOTOKAaMH BIOJb Y3KUX CTEHOK MOJEIH KPHUCTAJIH3aToOpa

(puc. 4, a). Tlonst ckOpocTel KUIKOCTHBIX TIOTOKOB IPaK-
THYECKU CTPOTO CUMMETPHUHBI.

BBeneHHbI B OJIOCTh MOJIENH KPUCTAJUIM3ATOPa BTO-
poit (pe3epBHBIN) MOTPYKHOM CTAaKaH MPEISITCTBYET CBO-
0OMHOMY HCTCUCHHUIO KHIKOCTH M3 ONIKAUIIEr0 K HEMY
OOKOBOTO OTBEPCTHA CTaKaHa, IOUICKAIIETO 3aMEHE
(puc. 4, 6), 94TO Ccpa3y e BBI3BIBACT HAPYIICHUE CHMMET-
pUM TPAeKTOpUU M IOJEH CKOpOCTEeH IOTOKOB. B aTOM
Clydae TEIIOBBIC YCIOBHS (DOPMHUPOBAHUS KOPOUKH y3KUX
rpaHell 3aroTOBKH OyIyT pa3HbIMHU, YTO OTPUIATEIBHO OT-
pa3uTcs Ha ee CTPYKType.

[Tocne nepemereHus pe3epBHOTO CTaKaHa Ha MO3UIIUI0
Pa3IUBKH, HAXOSIIMICS CIeBa OT HErO 3aMEHEHHBIN cTa-
KaH CO3/aeT HPEISITCTBHE HCTEKAIOIEMy B €r0 CTOPOHY
NOTOKY (puc. 4, 6) 1 BHOCUT UCKaXEHUs B KapTUHY MOJeH
CKOpOCTEll ¢ mepenagaMu WX 3HAUCHUH, JOCTHTAOUMMU
1,2 -4,0. 310 B UTOre OTPUIIATENHHO OTPA3UTCS HA YCJIO-
BUSIX ()OPMUPOBAHUS KOPOUKH CITUTKA.

C yuyeToM BBIIIECKa3aHHOTO, IO MHEHHUIO aBTOPOB, SIB-
JSIETCSl JIOTMYHBIM YTBEPXKJICHHE O IIEJIeCO00pa3HOCTH
BHECEHHUS WM3MEHEHMH B OpPraHM3alMIO0 Ipoliecca CMEHBI
HOTPY’KHBIX CTAKaHOB MPU HEMPEPHIBHOW Pa3IMBKE CTANN
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Puc. 4. KapTuss!l pacripeienieHus 30H DUPKYILIIN U HOJel CKOpocTeif (M/c) )KHIKOCTHBIX IIOTOKOB B MOJICTIH KPUCTAILIN3aTOPa, 3a(UKCHPOBaHHbIC
IIPH cMeHe 0e3HAIIOPHOIO MOTPY’KHOTO CTAaKaHa C BYMs OOKOBBIMH OTBEPCTUSIMH

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 3aTOTOBKY, a TaK)Ke Pa3padOTKH HOBOW KOH-
LENIUKA CO3IaHUsl CUCTEM JUIsl €r0 pealu3aldd C MUHH-
MaJIbHBIMH BPEMEHHBIMH 3aTPaTaMH.

B cootBercTBUM C paHee MPUHATON KOHLEMIMEH MOCT-
POCHUSI CTPYKTYPBI CHCTEMBI OBICTPOW CMEHBI IOTPY’KHBIX
CTaKaHOB, €€ PACCMaTPUBAIOT KaK COBOKYITHOCTb B3aMMOCBS-
3aHHBIX U BMECTE C TeM CAMOCTOSTEIIFHBIX YCTPOHCTB, TIO3BO-
JSTFOLIMX OCYIIECTBUTH KOMIUIEKC ONEPAIiA, BKITFOUAFOIIIA:

— TIepeMeIIeHIe B MIPOCTPAHCTBE CMCHHOTO CTaKaHa C
MO3UIMK 3arPy3KH Ha MPHUEMHbIC HaNpaBIIAIOLINE Pa3Iiu-
BOYHOTO yCTPOMCTBA MPOMEKYTOTHOTO KOBIIIA;

— MPOTAJIKMBAHUE 3TOTO CTAKaHa Ha MO3UIINIO PA3JIMBKH
C OTHOBPEMEHHBIM TIepEeMEIICHHEM OTPaOOTaHHOTO CTaKa-
HAa C MMO3UIINH PA3JIMBKH HA MO3UIUIO U3BJICUCHUS;

— yHaleHne TaHHOTO CTakaHa U3 paboyei 30HBI.

[Ipu »ToM U3 BCel COBOKYNMHOCTH 3aJeiiCTBOBAHHBIX
(YHKIIMOHATBHBIX ~yCTPOMCTB 3HAYNMBIMH  CUHTAIICDH
TOJIBKO J[BA: PA3IMBOYHOE U MEPETAJIKUBAIOIIEE YCTPOUCT-
Ba, & OCTAJBHBIC OTHOCHIIH K BCTIOMOTATEIEHBIM WA BOOO-
e He Opalii B pacyeT B ClIy4yae BBITIOJIHEHUS ONepaluii 1o
rmojia4e HOBOTO M YOOpKe OTpa0OTaHHOTO CTaKaHOB BPYY-
Hyto [20]. IIpu Takoit HepapXuuecKoil CTpyKType mocTpoe-
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HHSI CUCTEM OBICTPON CMEHBI MOIPYKHBIX CTAKaHOB BCIIO-
MOTaTeNbHBIC OIEpPAIMU IO JJIUTEIHHOCTH B HECKOJIBKO
pas3 MPEeBBIIAIOT OCHOBHBIC, B CBS3HU C Y€M YBEIMYUBACTCSI
MPOMEKYTOK BPEMEHH, B TEUCHHE KOTOPOrO B KPUCTAJLIIH-
3arope cistooBoit MHJI3 HapymieHa cTaOMIIBHOCTh OpTaHu-
3aI[UK TIOTOKOB CTaJIM M, KaK CKa3aHO BBIIIE, YXY/IIIAIOTCS
ycioBus OPMHUPOBAHHS OTIMBAEMOMN 3arOTOBKH.

C [eNbIo 3aMETHOTO COKPAIICHHS ITPOOKUTEIIBHOCTH
HAXOXK/ICHHS B [IOJIOCTH KPUCTAIUIN3ATOPA JABYX HOTPYKHBIX
CTaKaHOB B MPOLIECCE MX CMEHBI, MpeIIaracrcs o0bemu-
HHUTh B €IMHYIO CHCTEMY PA3JIMBOYHOE YCTPOMCTBO MpOMe-
JKYTOYHOT'O KOBIIIA U CICHHUAIbHBIA MAHUIYJSITOP B TAKOH
KOMOWHAITMH, TPH KOTOPOW ObI MCKITIOYAIHCH OTICpallvHy,
CBSI3aHHBIC C MEPEMEHICHUSIMUA CUJIOBOTO THAPOIMINHAPA
JUIsL TIepeBojia ero u3 pabodeil MO3MIMK B TAPKOBOUHYIO U
MOCJIEAYIONIMM BO3BPATOM Ha JIMHUIO JTOCHUTAHUS] CMEHHOTO
MOTPY)KHOTO CTAaKaHa, a TakkKe 00eCeYnBaIOCh MEXaHU3H-
POBaHHOE BBIMIOJIHCHNE B aBTOMATHUECKOM PEKUME MOTauu
PE3epBHOIO ¥ yOOPKU OTPabOTaHHOTO OTHEYIOPHBIX 3JIe-
MEHTOB, 3aIIUIIAOIINX CTAIb OT BTOPUYHOTO OKHUCIICHHSI.

Vka3aHHbIE YCIOBHS (YHKIHOHHPOBAHHS SIIEMEHTOB
Mpe/IaraeMoil CUCTEMBI MOXKHO OOECIICUUTh, €CITH CHIIO-
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BOH ruapouniauHAp OyIeT pa3MellaThcsi He Ha pa3jiiBOY-
HOM YCTpPOWCTBE, a Ha MaHUITYJSTOpE, KOTOPHI B CBOIO
ouepesb HEOOXOIUMO YKOMILIEKTOBATh JAOMOJIHUTEIbHBIM
CXBaTOM JIJISI YACP)KAaHHUS OTPaOOTAHHOTO TTOTPY>KHOTO CTa-
KaHa 1 COOONICHHUS €My 3aJJaHHON TPAeKTOPUU JBUKEHUS B
MIPOCTPAHCTBE IPH MEXaHU3UPOBAHHOHN YOOPKE U3 MOIOCTH
Kpuctaumsaropa [21].

YcoBepIIeHCTBOBAHHBIN MaHHUIYJISTOP BKIIIOUAET CIIe-
JIYIOIIME MEXaHM3MbI: TOAa4d CMEHHOTO CTaKaHa K pas-
JMBOYHOMY YCTPOHCTBY NMPOMEXYTOUHOTO KOBINA; YOOPKH
0TpabOTaHHOIO CTaKaHa W3 TOJIOCTH KPUCTAJUIM3aTopa;
YIpaBICHUS MOJOKCHUEM 0a3bl, MCIIOIb3YeMbIe COOTBET-
CTBEHHO IPU HACTPOHKE KOOPJAUHAT X, Y, Z.

Bo1600b1. Pe3ynbsraThl BBIMOIHEHHBIX MOJIEIBHBIX HC-
CJIeJOBaHUI TIO3BOJIMIM 0OOCHOBATH HOBBIM MOAXOI K CO3-
JAHWIO CHCTEMBI OBICTPOH CMCHBI IOTPYKHBIX CTaKaHOB
JUISL CepUIHOM pa3nuBKU cTanu Ha ciasiboBoir MHIJI3, uc-
MOJIb30BAHNE KOTOPOM IMO3BOJHUT COKPATHTh B 2 pasza 00-
LIYIO ITPOIOJKUTENIBHOCTh KOMITJIEKCA BBITIOIHAEMBIX OIle-
pauuii ¥ 3a C4eT ATOT0 YMEHBILIUTD IIPOMEKYTOK BPEMEHH,
B TEUYEHHE KOTOPOro (OpMHpPOBAHUE KOPOUKH 3arOTOBKH
MPOTEKaeT B HEONATONPHUATHBIX THAPOIUHAMUICCKUX
ycloBUsIX. B pesynbrare MoOBBICUTCS BBIXOJ TOIHOW 3aro-
TOBKU.
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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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