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A, H. ¢ MUPHOB (n-p Texu. nayk, npog.), M. H. CAJIMAIL,
E. B. OIHOBCKAS (kana. TeXH. HaYK, AOL.)
IFBY3 «JloHeux1i HALNOHAJIbHBIN TeXHHYECKHUA YHHBEPCUTET

(MACCUHBGUKALNA PEXXUHMOB NEPEMELLIUBAHUSA
CTAJH B KOBIUE C MHCNOJIb30OBAHUEM
MATEMATUUECKOTO MOAEJIUPOBAHUS

TIpwse/eaa HOCHIEIOBATENBHOCTD HTATIOB, BRIMOTHACMEIX Upu KOMABITEPHOM MOZE-
PHPORUHMY TIPOLCCLOB MEPEMENIABAHHS CTaNH B KOBUIC NPH NpPOAYBKE WHEPTHBIM ra3oMm C
WETTOTp30RAMMEM npHKNazHoro nakera ANSYS. IIpencTaBneHbl pE3yTbTaThi PEINCHAS 3a8a-
s MOICTUPORAHNS B IBYMCPHOA OCTAHOBKE TSt KoBIne# pasnoi BMecTuMocTd. [lana xnac-
CHOAKANAR PLKIMOB MEPEMELHBAHASA CTAJIM TIPH POy BKE yepe3 OHO W ABA NPONYBOUHLIN
SCEDORCTRA.

‘-YTaJlepaflllllBl)‘lelﬁ KOBIi, €TAJb, epeMCeIHRAHME, npeAysKa, apros, MaTemMa-
FENCCKGEe MOTEJTHPDOBAHHE

OOumi ananys nyOIHKaLMi, HOCBAILEHHBIX H3YHEHHIO FHAPOAHHAMUYC:
Cieuy, SBREdUEl, NPOUCXOAALIMX B CTAIEPA3/iMBOMHOM KOBUIC, fIOKA3LIBACT, 41O
pa3pabdOTAHHEIC MATEMATHYECKHE MONURIIH Gasupytorcs Ha ypaBheuuax Hasbe-
CroKe. BICHOURIOIMK YPABHEHHE HEPa3PhIBHOCTH (3aKOH COXPAHEHHUA Macchl);
YpaBHeHHME MMIYNIbCa (3aKOH cOXpaHeHHd MMIYSIbCA); yPABHEHHE 3Hepruu (3a-
xon coxpaHenus sHepruu) [1-5]. ITH 3aKOHBI, npe;cTaBlIEHHbIC B BH/IE nudde-
POHLMANLIEBIX ypaBHeUuil B 4aCTHBIX TPOH3BOAHLIX, pELIAIOTCS METOJOM KO-
FRSRHIX 2IEMEHTOR ¢ TIPUMEHEHHMEM CTaHAAPTHBIX NakeToB AJA KOMIbIOTEPHO-
fO MOAENHPOBAHHUA JIBWKEHNS XKHAKOCTH (PHOENICS, FLOW, CFX, Fluent,
ANSYS) wid ¢ NOMOLLBIO CAMOCTOATE/IBHO pa3pabaThiBa€MbiX MPOrpaMM, pea-
axzyiowux 91oT Merol. Ocobo cnenyer o6paTuTh BHHMaHUE Ha TO, UCCIEN0BA-
YEASME NPUMEHSIOTCS Pa3siduHble MOAXOMUB! MUl ydeTa TypOyJIEHTHOCTH [1BH-
=enus pacruiasa. Yaile BCero npuMeHseTes cTanjaprias k—£ monens [6].

L{esie HacTosuiel paboThl 3aKinovanack B UAEHTH(PHUKALIMHM OCHOBHBIX Xa-
PAKTCPHBIX 30H MMAPOAMHAMUYECKOIO nepemMeluMBanis XHAKOCTH B KOBLUC B
TABUCUMOCTH OT YCJIOBHI TIPOLYBKH H I€OMETPHYECKHX T1apaMeTPOR KOBLUEH Ha
OCHOBE MATEMATHHUECKOIO MO/ICSTMPOBAHNUA.

[Tpoliecc MOAENUPOBaHHs MepeMELIMBaHHsA CTalH TipH NPOLYBKE HHEpPT-
@ ra70M B CTAJEPA3IMBOYHOM KOBLUE BBITTOMHAJICH B cnenyroule nocaenoBa-
FERLAOCTH.

L, Co31aHUE TEOMETPUUECKON MOJEIH pacyeTHON 00JACTH,
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B kauecrBe pacuerHoii o6nactu TIPH CO3AaHHH FEOMETPUHECKONR MO
NPUHAT BHYTpeHHUH 06'beM KOBILA, 3aHHMaEMBbIf WHUAKOH CTAIIBIO.
2. 3ajaHue TMNA KOHEYHOrO HJIeMENTa,

B moayne Flotran npeaycmorpeno nsa Tina koHeunbix MIEMEHTOR: )11y
MepHbie 4-xy3noBeie — 2D FLOTRAN 141 u TpeXMepHbie 8-Muy3noBbic — i
FLOTRAN 142, coorBercrBento PHMCHAEGMbIE B ABYMEPHOI 1 Tpek
NOCTaHOBKAX 3a/ja4yM.

3. [ enepauyn KoHeuo-35IeMeHTHOMN ceTKH,

Ans kaxnoit inuuu, obpasyrouei PAacHETHYI0 00JIACTL, B pyurom pems-
MC 3aaBAJIOCh KOJIMMECTRO AC/EHHH, COOTBETCTBYIOIMX HHCHY MIEMEHTOB. B |
Pe3ynbTaTe GOPMHPOBANACH KOHEYHO-3AEMEHTHAS MOAE) pacyernoi obractu.

4. Bribop Tuna pewaemoii samauu,

IpoBeaennble Mccie0BaHKS BHINOIHAIUCH B NOCTAHOBKE TCPMHUECKOR,
HECTAllMOHAPHOM 33a4a4YM /IS HECHKMMAEMOH KHUAKOCTY C TYPOYIeHTHBIM Tege-
HueM. HTepBan spemenu, ais kotoporo OCYLUECTBASIICS IIOMCK PELIEHUS, CO-
ctasns 600 c.

5. 3ajaHue CBOMCTB KUIKOM CTaM,

B paccmorpennoit nocranoske 3anaum YYHTBHIBAJIMCh TakHe CHOICTEA
CTajlu: TUIOTHOCTB BS3KOCTb, TEMJONPOBOMAHOCTL M TEMIOEMKOCTH. | Ipumeny-

TEJIbHO K XHUKOH CTa/IM, HaxoAsuleics B KoBiue, Obuiy NoJoOpaHnl TakHe Boi-
PaXKeHHs:

~ IUIOTHOCTb, KI/M°

MepHE

p=7700-95.7-10"* {F~ 293)-15.471-107 (T 293) (D
~ BA3KOCTh, H-c/M°
1 X e , * ; |
1 =0.0035¢exp 10699.32[— - v-i—J +38.1071] s et | ) (23
T 1473 \T 1473} |
rae T - remnepartypa, K.
— TEII0EeMKOCTh ¢ = 840 [Ix/(kr-K);
— TeIONpoBoAHOCTL = 27 B1/(m-K).
6. 3ajaHye HArpy30K U IPAHUYHBIX VCIOBMIL,

B kauectpe Harpysok u rpaHuuHbx YCJIOBHH JUISL 38484 THAPOMHHAMMK Y
MOIYT BbICTYNaTs: CKOpocTH (m/c), Temneparypwki (K), remnosbie 1otoxu
(BT/MZ), HCTOYHHKH 3Hepruu (Br/m°), KOIDGHULUMEHTBI KOHBEKTHBHON Teiion: -
nauu (nepenaun) (Bt/m°), nasnenue (I'Ta).

B paccmorpenHoit nocranoBke 3anauu HCCNEIOBAHUS MCIOMb3OBATHCE
CAICAyIOLIHE HArPY3KH M IPaHHYHbIE YCIOBHSA, 3a4aBACMbIC N5 pacyeTuon of-
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SWCOW AMIKOH cTanu: 1) CoCTaBasione CKOpOCTH Ha JIMHHAX, COOTBETCTBYIO-
wECx CII0SM, TIPMIICFAIOLIMM K CTEHKAM KOBLUA, PAaBHbI HYIIO, 2) BepTHKaJIbHas
@ECT2RIAIOWAN CKOPOCTH HA NHHUH, COOTBETCTBYIOLIEH NPOAYyBOYHOMY OTBEP-
| E¥WIO PABILANACH 3HAYEHHMIO, PACCYHTAHHOMY 1EpE3 pacxopn rasa W AMaMeTp OT-
 WEPCTHS, OCTAbHBIC COCTABNSIOUME PABHATUCH HYJIO, 3) Ha AUHUAX, COOTBET-
 EBVIONIHX CJI0SM, NPUIETAIOLHM K CTEHKAM 1 JHHLLY KOBI1Ia, 3a1aBAJIOCh 3HA-
e 1€IUI0BON0 NOTOKA; 4) Ha BepxHeH rpaHuue 00/1aCTH, KOHTAKTHPYOILEH
e 10IAKOM, $4/(aBAIACh [IOCTOAHHAs TeMrepaTypa, 5) xpoMme TOro, BO BCEX y3-
b smwitix TOUKAX 3a/128A/1aCHk HAYajibHas TemIeparypa pacriaBleHHON CTalIH.
f BopinosiHeHyde pacyeTa.
JUis K@#KL0r0 U3 PAacCYUTBIBAEMbIX 1apaMETPOB (cocTaBisolMe CKOPO-
@y, j@BiCHHE, Temneparypa W /ip.) 3a1aBaiuch METOAbI pelUeHHs CHCTEMbI
WEBHEHMI ¥ TOrPeLIHOCTb A MOKCKA UX cxonumoctH. Jlaee aBTOMaTH4ECKH
MEBIOIHATOCH PELIEHUE CHCTEM YPABHEHHUH 1Sl KaXA0ro BPEMEHHOTO Liara.

®.  IlpocMOTp pe3yabTaToB pacyera.

PesysbrataMu PacyeTa ABAANUCH 3HAUCHHA BEKTOPOB CKOPOCTH H CyM-
E WpHOW CKOPOCTH, TeMIepaTypbl JKHIKOM CTANH B K@XAOH y3/10BOH TOUKE pac-
b werrnoit 0644CTH U8 KKAOIO BPEMEHHOIO L1ara, KOTopbie MOXHO b0 Npea-
cvaprts B TabMunoil 1 rpaduueckoi gopme (B BUAE BEKTOPHBIX HJIM KOHTYP-
BRI ).

Onucannas 10C1e10BaTENLHOCT ITaNoB Gbula peann3osaHa NpU mate-
| METHIACKOM MODEIHMPOBAITMH UTA 6 THMOB CTajiepa3iiBO4HbIX xoBiuei (Tabau-

= i)

Tabnuua 1 -- [lapameTpht KOBLUEH

% | Bumectumocte | JlnameTp, M BseicoTa H/D,
i1 koBma, T awkaad Dy BepXHHUH Dy metaina H, M
' 1 60 2,270 2,270 2,120 093 |
T 75 1 2250 2,560 2,365 1,05
: 3| 130 2,550 2,990 2,94 1,15
' 4 135 2,420 2,980 2,96 122
5 160 2,852 3,080 3,20 1,12
P 6 300 2,520 3,680 4,44 1,76

' Jins KaXI0r0 THNA KOBLIA CO3JaBANOCH HECKONBKO reOMETPHYECKHX H
B wveicu110-2/eMEHTHBIX MOJE/EH, YUHTBIBAOLLAX PASIINITHOE konuyecTBo (OAMH
% = 332) 1POAYBOUHbBIX YCTPOHCTB H NOTIOXKEHHE Moy BOYHOIO OTBEPCTHS, KOTO-
# poc xapakTepU3OBAIOCh PACCTOAHHEM T OT BEPTHKAIbHON OCH KOBLIA A0 LUEHTPa
@vpepcTis. [JHanasoH pacrioNokKeHHs NpoiyBOUHOro orBepcTus MpUHAT /R, =
83 095, rae R, — BHyTpeHHHH paquyc AHMLIA KOBLIA. B moaensx ¢ AByMsa
WPOJTYBOUHLIMM OTBEPCTHAMM 1IPHHHMANIOCE HX CHMMETPUYHOE PacilooXKeHHE
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OTHOCHUTEJIbHO BEPTHKaJIbHOM OCH KOBLIA. 3anaya pewanack B ABYMEPHOH no-
CTaHOBKeE,

YcranoBneno, uto s m060ro THIIOpa3Mepa KOBLUA NIPOLECE nepeme-
IUMBAHUA KHAKOH CTanNU HPOXOAUT B HECKOIbKO CTaAMA: Ha4YasbHas, Hpome-
KYTOUHas M ycraHoBuBLIaAcs (puc. 1). Ha Havanbuoi craauu (puc. t a, r), co-
OTBETCTBYIOUIEH Havyajlly MNpPOAYBKH, Habmopaercs popmuposatine noroka,
ABHIKYILErocst OT NMPOAYBOYHOrO OTBEPCTHS BBEPX K CBODOIHOW 1i0BePXHGCTH
pacriiaga. MakcumasnbHble CKOPOCTH MOTOKA OTMEYANTCS B 30HC MPOIYBOY-
HBIX OTBEPCTHH, OCHOBHAs YacTh PACHIaBa TOMbKO HAYUHAE UPHXOANTH R
ABWXeHue. Jlanee no xoay npojayBku BOCXOAAWHKH 1I0TOK pazBUBACTCH, yRije-
Kas B ABHXKEHUE BCe GOJIbLIME CIIOH KUAKON CTANH BO Bee o0beme KoBLIa 1
popMHUpYs UMPKYISLHOHHBIE 30D, MakcuManbHbIe CKOPOCTH RUKEHR IS o
PAaKTEPHbI ANt BOCXOASAILErO 110T0KA paciiasa. Taxoe COCTOSIHHE MOIKIO pac-
CMAaTpHUBaTk, KaK MPOMEKYTOUYHYIO CTAAMIO npouecca (puc. 1 6, 1). MpuGamsi-
TeJbHO 4epe3 250-300 ¢ 1ocne nayana ApOAYBKH B KOBUIC HAOIIONA€TCH CTH-
Ouimsauus kapruu IIEPEMELIMBAHUA PACINIABA, YTO MOKHO CUYMIAT L YCTAHO-
BUBLLICHCA cTajauel npouecca (puc. 1 B, e). 3aeck ormMedaoTCs YCTaHOBM BILHE-
€5 TPACKTOPHH IBHKEHHS PACILIABA U CTAOWIIbHBIE HHUPKYISLHOHHBIS 30HbI,
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Pucynok 1 - Passurue norokos 1PH NCPEMEIUMBAHHM KHIKOH CTany
fipolecce IPOJNYBKH MHEPTHBIM 1'a30M Hepes: a, 6, B — 0HO NpoayROMHOE ot
BEPCTHE; T, 1, € -- 1BA IPOAYBOYHBIX OTBEpCTHUSA
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Ha puc.2 noxasanbl pacyeTtble 1ons ckopocteit B kosiue 130 T uyepes
BpH UCHTPANLHOM PACIONOKEHHH MPOAYBO4HOro orsepcTus. Kak BuaHo u3
peEcyHia, B oObeme pacraBa obpasyeTcsi 18€ CUMMETPHUYHBIC 30HBI LIHPKYJIA-
mru. OcHOBHOM MOTOK INOJHMMAETCS BBEPX K I'PDAHMLE CTAlb-LLJIAK W pacXo-
MRICS K CTEHKAM KOBLIA, onyckasch BHu3. [Ipy 3TOM B 30He (yTEepoOBKH 1na-
BCBOTO 105¢a NOTOKH yUAPSAIOTCS B CTEHKY W HaNpaBJilOTCA BHHU3 K NPOAYBO4-
BoMYy OTBEpPCTHIO. B 30HE ANMILA NOTOKH CHOBA PacXoAiTCA K CTEHKaM KOBIIa
W HOAHMMAIOTCS BBepx, 00pasys e€lue ABe Masible 30Hbl UMPKyJaauui. Takas
®ApTPHA xapaktepHa s kosiueil juoboi BMectumoctH. M, HecMorps Ha 1o,
=10 B peaibHbIX TIPOMBILUICHHBIX KOBUIAX TAKOE PACIIONONKEHHE MPOAYBOYHOIO
BYSCDCTHS. KAK [IPABUIIO, HE UCMNOJILb3YETCs, 1101y4CHHbBIE PE3yJIbTaThl XOPOLIO
DOHETACYIOTCS € pesynbTaraMy (PH3M4ECKOro MOAEJIMPOBAHMA, YTO MOXHO CYH-
NS (10 ITBEPIKAEHAEM AAEKBATHOCTH H IOCTOBEPHOCTH MATEMATHYECKOro MO-
MMPOBAHHA “3yHaeMbiM QH3MHECKHM [IPOLIECCaM.

Pucynok 2 - IMons ckopocteit B kosuie 130 T npu LEHTPaIbHOM pacno-
SSCHMM DPOJIY BOYHOI'O OTBEPCTHS

Ha puc.3 ang xoBliei pazHOH BMECTHMOCTH NIPHBEACHDL MO cxopOCTeﬁ
mnasa NpU pacnoyiokeuHy IpoayBOHHOro yCTPOHCTBA B JHana3oHe /'Ry
—.04. B yrom cnyuae BOCXOAAUMH NOTOK MOAHUMAETCH BBEPX H, OTKJIOHA-

Pawe. & CrenkaM KOBLIA, oOpasyeT B 00BbeMe pacruliaBa ABE OCHOBHbIE (3aHHMAIO-
s GOJILLIYIO yacTh 00beMa KoBla u Oosee BBICOKOCKOPOCTHBIE) 30HBI LIMP-

ENITAM, 1i0 3TH 30HbI MMEIOT Pa3Hble pa3Mepbl, YTO CBSI3aHO CO CMELUEHHEM
R2VEOYHOI0 OTBEpCTUs. B HUOKHEHR, NPUAOHHOM, YaCTH KOBLUA CJICBA H ClIpa-
OF BOCXOJALIETO NOTOKA (OPMHUPYIOTCA MANIOCKOPOCTHBIE 30HBI. MOXHO
Eaesoir,, 4TO U1 ITOrO Ciydas XapakTep UMPKYJISUHOHHBIX 30H MMEET aHalO-
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R RGN

'MU C KaPTHHOM, IOJIYYEHHOH 1PH UEHTPATBLHOM PACHONOKE: HPOAY BOHHOSE

OTBEPCTHA. OTIIMYHUS 3AKIIIOHAIOTCS, B (GOPME U paIMepax oBpasy olxCs 56,

Pucynox 3 - Toss ckopocreii pacrinasa 1P PACNONGKEHAK 1P
AYBOYHOIO yCcTpoHcTBa B Hanasoue /R, = 0.3 ... 0.4 nus xoBuiei pve-
CTHmocTbio: a) 130 1;6) 135 1; 8B) 160 T

Ha puc.4 npusezsenn nons ckopocrei paciuiaBa 4yepes rpu pacriono-
AKCHHH NPOAYBO4HOI0 OTBEpPCTHs B amuanaszone /R, = 0.4 ... 0.6, pn Takom
pacIloNOXeHH! NPOYBOYHOTO OTBEPCTUS BOCXOMALLMH OTOK, pa3aeissce na
ABE 4aCTH W OTKJIOHAACH K CTEHKaM KoBINA, QOPMUPYET TPi 30HLI HUPKY g~
LMK ~ OCHOBHYIO, KOTOpas 3aHUMACT OKOJIO ¥4 06beMa KOBIIA M paCTinaraes-
Cs [10 BCEH BBICOTE Pacn/aBa; CpeHECKOPOCTHYIO, 3aHH MAKYIS PpHOAH30-
TEJILHO MONOBUHY OCTABILErOCH 0DbEMa KOBLUIA W PACTIOIATAMLIIYIOUH 3 BeDX-
HEeH 4acTH KoBLIZ B 061aCTH 1LAAKOBOI'O NOACA QYTEPOBKH; 91 MANLCKOPOECT -
HYIO, pacronoXxeHHyro Bo3Jie Nuuila koBma. Ui kosuia 300 1 ormeucpiie
30HBI BBIAC/ISHOTCSH MEHEE YETKO U XapaKTEPH3YIOTCH MEHbLUIHMI CROPOCT 5
MH, obnacTu pacruiasa, PACITOJIOKEHHBIC B BEPXHEN YACTH KORUIN oaalio ox
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BadeHbl UMPKY/IAUMAMU. ITO MOKHO OOBACHUTL DoOsiee BHICOKUM COOTHOLIE-
smeM /D, B 1aHHOM KOBLIE. -

Y
A “q,,g,.,ga»_;.};k’*,‘;}\t‘f?z‘ ¢4

kY &'\ %

Pucyrok 4 - Tloas ckopocTeii pactnasa Ipy pacnooKeHnH NpoLy-
804HOI'0 OTBEPCTH B AUanasone /R, = 0,4 ... 0,6 ans KOBIUEH BMECTHMO-
eThio: 2) 60 1 6) 75 1; 8) 160 15 1) 300 T

Ha puc.5 juist pa3HbiX KOBILCH NOKa3aHbl 11014 cKopocreii pacrniasa 1pu
PRCHIONOKCHMN [IPOJYBOYHOIO yCTPOHCTBA B AHANA30HE /R, = 0,6 ... 0,8. {na
APEACTABNEHHOTO AMAIa30Ha PACNONOXKEHHs NPOAYBOHHOr0 OTBEPCTHSA B Kap-
THHAX NOJEH CKOPOCTeH MOXHO OTMETHTL crneaytouiee. TIpaxTHYeCkn Bech
o0veM pacrjaBa BOBJEKAETCS B LMPKYJIALUHIO (0ocoOeHHO 3TO 3aMETHO 1JIs
gopiua 135 ). B npucTeHouHbIX 001aCTAX LLJIAKOBOIO 110sca dyTEPOBKH, 2
TAKOKE B HHKHEN 4acTu KOBLIA, 00pa3zyloTCs MaJOCKOPOCTHBIC 30HBI LUPKY -
onn. Jng koswa 300 1 (C BBICOKMM COOTHOLUEHHEM H/D,) HUXHAA NIpUAOHHAs
MANOCKOPOCTHAS 30Ha 3aHuMaeT okoio 20% o6bema KoBLIa, @ JUIst KOBWA 75 T

{v xoroporo H/D,=1) npucreHo4nble MaJIOCKOPOCTHBIC 30HBI TOXE 3aHUMAaIOT
oxono 20% obbvema xoBLUA.
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Pyc.6 mmwocipupyer nons CKOpOCTEH paciiiaBa fpU pacionoxeHum
HPOAYBOHOTO OTBEPCTHA B JjiuanazoHe 1/R, = 0.8 .. 0.95 nnst meenenyemmx
romeH. Kax sHamo, B 370M Cilyyae IIPAKTUYECKH BECh
30HY HMPpRynanH#. MajiocKopocTHas 30Ha UMPKYJISIUMM HalnoaaeTcy sozme
[UIaKOBOTO HOsiCa HAjl NPOAYBOYHLIM OTBEPCTHEM, C HPOTHBOHOIMKHON cro-
POHBI TAIOKE 00PA3yeTcsi MAJIOCKOPOCTHAS LUUPKYJAUMOHAS 30HA,
Mep meHbHIE B 2...4 paza. HeGonbwue 30HL1 UUPKYISIMHA ¢ Mam)
MH 00pa3syroTcs B npuaOHHON yacTu pacrurasa.

paciiaB obpasyer oary

HO ee pax-
MM CKOPOCTS-

boted

Pacynox 5 - Tlons ckopocreii pacinaea npu paciono
BOYHOro ycTpoiicrTsa B aManasone t/R,, = 0.6 ... ()
CThO: @) 75 T1; 6) 135 1; B) 300 +

KEHUM PGy -
»8 JUIS1 KOBILCH BMECTHMO-

O6061ienue 1oyy4eHupIX pe3y
TEpHbIE CXeMbl NepeMelIUBaHus pac
BOYHOE OTBEPCTHE.

“IbTATOB TI03BOJMIIO CHOPMHPOBATHL Xapax-
fl7laBa lIpyv IIpOAYBKE Yepe3 OAHO 1Poy-

Paccmorpum pesynbrars MOAEIHPOBAHHS TIEPEMELUHBARUS KUNKOH Cro-
/IN B KOBLUE I'DH IPOAYBKE yepes aBsa IPOAYBOYHbIX yerpoucisa. Ha puce 7 nng
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EDBIIEH Pa3NTUYHON BMECTMMOCTH NOKA33aHKL flong cKopocTed pacnnasa rnpu
PACIOsiOAKEHHH 1IPOYBOYHBIX OTBEPCTHH B Auana3sone 1/R, = 0,3 ... 0,4, Ha-
&mozacmbie B Hayane lipouecca npoayeku (60...180 c). Ilpeacraenennsie Kap-

HHB 00 TPHEH. 30eCh YETKO BbIENAIOTCS IBa

it
§%
i

L L 3

: Puacynok 6 - Toas CKOPOCTEH pacinaba 1pu pacnoioKeHHu TIPOAYBOYHO-
. 1O YCTpoHCTBA B AMANa3oHe /R, = 0,8 ... 0,95 nna xoBluei BMECTHMOCTbIO! a)
- 7571,6) 1301 8) 160 T, 1) 300 1

BOCXOASAIUUX 110TOKA, KOTOPbIE HENST BeCh 0ObeM PacrnjaBa Ha 4YeTbIpe 30HbI
WHPKY LK. Pasmepel 30H, pacnonoxenHsix ciesa u CnpaBa OT BOCXOISLIHX
BOTOKOB, HECKOJIBKO Gonbliie, YeM y 30H, 00pa30BaBLINXCS B LIEHTPALHOMN yac-
TH KoBwa (414 xoBwa 130 T oTMeuyaercs o0paTuas TeHAeHuMS). Ckopocru
ABFDKEHMA [T0TOKOB PaciiiaBa BO BCEX 30HAX UMPKYJIILUHHA NPAaKTAYECKH OMHA-
KOBFKI.

Murepecno otMeruts ot $akT, 4To nanee 1o xony NPOAYBKH INPOUCXO-
AHT BUIOH3IMCHEHUWE 30H UHPKYISLMI 32 cyer TOrO, 4TO BOCXOASLUHE NOTOKH B
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- RYKEE: B

CPEAHEii HaCTH KOBLUA CIIMBAIOTCA M 0BPa3yloT eAuHbIR noTok (Gonee MO Sy
(puc.8).

Pucynok 7 - [Toas ckopocreii paciuiaBa tupH pacrioNoXeHdu 1PoayBoS-
HbIX YCTPOWCTB B Avanasone /R, =03 ... 0,4 B Hauase npouecca NIPOAYBKH v
KOBLIEH BMeCTUMOCTLIO: @) 60 T; 6) 130 7; B) 135 T i

Kapruna pacnonoxenus 300 umpkynsium PACIaBa B D1OM CHyIas io- B8
AobHa Toii, KoTopas Habmoaaercs MPH HEHTPANILHOM PACUOIMKEHHE O1107®
fIPONYBOYHOTO yCTPOHCTBA (PHC.2). OTNHYHE 3aKHOMACTCH B TOM, MTO B 1liig-
HeH MPUAOHHOM YacTH pacnnasa ¢ BHyTpeHHeil CTOPOHBI BOCXOAALUHX DOTOKOM J
oOpa3yloTcs aBe He6GoMblLne CHUMMETPHYHBIE 30HBE LMPKYJisiuki. Huexous mme
fIOTOKH OCHOBHBIX LHPKYJISALMOHHBIX 301 COYAAPSIOTCS C hy reDORKGH HyuKEc
HaCTH LUIAKOBOI'0 N0SCA U ABHXKYTCS K AHRLLY KOBILA, 5KTYMBKO 832MMOIeHCT-
BYys C BEPXHEH 4acThlo paboueii PyTepoBKH, pacionoxnerHok N04 BIAKCRLIM
1104COM. ITO, HECOMHEHHO, Oy IeT crocobCTBOBATE YCROPEUHOMY [Py ILeH s
dyTepoBKM B yKazaHHbIX MecTax. :

Puc.9 unmocrpupyer nons CKOPOCTEil pacniaBa fipi pactoimxeiin BB
IIPOAYBOYHBIX OTBEPCTHH B aManasone /R, = 0.4 ... 0.6 414 KOBWEH pPaHOR
BMECTHMOCTH. JIBHXKEeHHE MOTOKOB paciiasa Aifis 31010 citynas nouoduon pag-
CMOTPEHHbIM BblllE KapTHHAM. B o6beme koBlIa QopMHpYeTCH MeThIpe OluRa-
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30HbI LMpKysiuuii. bonee BbICOKHE CKOpPOCTH [OTOKOB OTMEHaloTCs B
WX O0ONACTAX LUPKYJIAUHOHHBIX 30H, KOHTAKTHPYIOLIMX C dyTepoBKOM
BOI'O 1105Ca U BepXHel yactu paboueit HyTepoBKHU.
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: Pucynok 8 - ITona cxopocre#t pacruiaBa npH pacrosiodK€HHH ITPOAYBOH-
Eamax vcrpoiicTs B8 ananasose /R, =03 ... 04 B yCTAaHOBUBLIEHCH CTAUU NPO-
Eenrra IPOYBKM AV KOBLUEH BMECTHMOCTBIO! a) 60 1; 6) 130 T; B) 135 7, 1) 160
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Pucynok 9 - Ilona ckopocteit pacniasa npu pacrnonoxexunu NPOAYBOH-
HbIX OTBEpPCTHH B AnanasoHe /R, = (0,4 ... 0,6 a1y KoBWeEH BMECTHMOCTRIO! a)
60 1,6)751;8) 130 T; 1) 135 T

Puc.10 otpaxaer xapakrep ABMAKEHHA NOTOKOR PaCiNaBa ipu pacuoso-
KEHHHM NPOAYBOYHbBIX OTBEPCTHH B aHaiiasone /R, = 0.6 .. 0.8, B zansom cay-
4a€ OTMEYAETCS OTKJIOHEHHE BOCXOASUIMX MOTOKOB K CTEHKAM KOBIUA 1A BbiCO-
T€ NPUONM3IUTENLHO PABHON NOJIOBHHE BBICOTBI KH/KOH CTANM B KOBIIE, YO
BBI3bIBACT PACIVMPEHHE OCHOBHbLIX 30H LMPKYJIIHK paciulasa B UEHIPasibHON
4acTy KoBWA. Bocxousiuike 110TOKH, AOCTUTHYB NOBEPXHOCTH pa3fena crajp-
LiaK, JeasTCA Ha ABe 4acTH. O/1Ha U3 YacTel KaXNOoro NOTOKA HANpaBIseTcs K
BEPTHKANBHOH OCH KOBWA M, OOBEAMHSACE C COCeatiei, obpasyeT A0BOJILHO
MOLUHBIA HUCXOAAIMHA NOTOK. Jpyras 4acTh KaX0ro BOCXOMALIETO OTOKA OT-
KJIOHAETCS K CTEHKaM KOBLUA U (JOPMHPYET CPEeAHECKOPOCTHDIE UMPKYIRLUMOH-
Hbl€ 30Hbl B 00JACTHM 1UJIAKOBOro nosca dyreposku. Kpome toro B umuei
MPHAOHHOHA HaCTH KOBLUA C BHELLHEN CTOPOHBI KKAOTO M3 BOCXOUSUIMX 1{OTO-
KOB 06pazytorca Hebobuiye ManiOCKOPOCTHBIE 30HbI LIMPKYNanHH. B nannom
ciyyae Haubosnee CHIBHOMY BO3AEHCTBHIO pacfiaBa NoOABCPraeTes CpeiHasn
4acTb paboueit GyTepoBKM KOBIUA 3a CYET BO3AEHCTBHS OTKIOHSIONIMXCSH BOC-
XOASALHUX TTOTOKOB.

TTURE

s ALK et X. v %‘v;' s

O i,

Pucynok 10 - IMons ckopocteii pacnnaBa ipu pacnionoxeHmm POy BOY-
HbIX YCTPOMCTB B Auana3zoHe /R, = 0,6 ... 0.8 115 KOBILEH BMECTHMOCT L0 a) 60
T;6)751;8) 130 1;1) 1351
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[Ipu pacroiokKednn nNpoayBOiHbIX oTBepcTHil B ananasoue /R, = 0,8 ...
@95 ;18 pa3sHbIX KOBIIEH NOJy4eHbl 1014 cKOpOCTe#l pacijasa, Npe/cTaBlieH-
. mxse Ha puc.1 1. Bocxoasiine HOTOKH paciiiasa ABMKYTCH BJOJIb CTEHOK KOBLUA,
| MPAKTUUCCKH MO BCEH 'BBICOTE paboueii QpyTepoBkH. JIOCTUrHYB MOBEPXHOCTH
. pa3ziena, OCHOBHAs ™MacTh [HOTOKOB OTKJIOHSIETCA K OCH KOBIUA, H, ONYyCKasACh
w3 06pasyeT ABe 00JIbUIME 30HB! LMPKYJIALNH, OXBaThIBAIOUIME TTOUTH [10/IHO-
crpi0 06heM Koplia. HezHauuTenbHas 4acTb BOCXOAALIMX NOTOKOB OTKJIOHACTCSA
£ CTeHKaM KOBIIA W' B 30HE LIaKoBOro nosca ¢opmupyer HeboIbLIUE CpeliHe-
CKOPOCTHBIE 301bl LIUPKYJISLIHM.
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Pucyuox 11 - Ilons CKOpOCTEii pacnjiasa npu pacroyoxeHun npoayBOU-
#BIX YCTPOHCTB B JHANa30He /R, = 0,8 ... 0,95 ju1s KoBiIEH BMECTUMOCTRIO: a)
751 6) 130 1;8) 135 1;1) 300 ©

Ha oCHOBaHMM pE3yJbTATOB BbIMOJHEHHbIX MCCJICJOBAHUI COCTABACHbI
XapaKTEPHbIE CXEMbl NEPEMELIHBAHNA CTAIH B KOBILIE [TPH NPOAYBKE 4€pe3 ABa
HPOAYBO4YHbBIX OTBEPCTHS.

CiiellyeT OTMETHTH, YTO MOAEINPOBAINE nepemMeuIBaHns CTann B KOB-
wie, BbLINONHEHHOE C APYIMMH PacXonamMH BAyBAEMOro rasd, nokasajio rnogoo-
HBIE TIPSACTABJICHHBIM KApPTHHBI JIBUKEHUSA T1OTOKOB, 4YTO CBHU/AETENBCTBYET O
FMINUYHOCTH YCTAHOBJEHHBIX 3aKOHOMEpPHOCTEH TepeMeldBatus  paciijiaBa
CTANH Ui PACCMOTPEHHBIX YCIOBUH NepeMetInBatus.

Taxum 06pa3oM, MPOBEAEHHOE KOMIIBIOTEPHOE MO/1€JIMPOBAHKE TO3BONH-
10 BHINOJIHATH KNACCHDHKALHMIO POXKMMOB JIEPEMELLINBAHHA CTAIH B KOBLLIE 1TPH
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NPOAYBKE UHEPTHBIM Fa30M, BbIABHTH THIIMYHBIE CXEMbI JBUKEHUS NGTOKOB, a
TaKxKe oTpaboraTh METOAMKY NPOBEACHHS NOXOOHBIX MCCenoBanuii. Haimume
HHQOPMALMH O 30HAX MHTEHCHBHOI'O NMEPEMELLMBANMS [103BOJIACT POrHO3UPO-
BaTb TEIUTOBYIO paboTy GyTepOBKH KOBLUA H JIOKAIBHBIE 30HbI €6 HIHOCA.
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Knacudikauis pexumis nepeMimyBanHs
cTali B KiBWI 3 BHKOPHCTAHHAM MaTeMma-
THYHOr0 MOJeJWBaHHA. 3a JIOTOMOTOIO
npuknagroro naketry ANSYS sBukonano ma-
TEMATHYHE MO/CIOBAHHS MPOIIECIB nepeMi-
UIYBaHHS CTalli B KiBUIi.
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Classification of Stect Mixing Conditions
in the Ladie with Mathematicai Simula-
tion. With ANSYS program the mathemati-
cal simulation of stecl mixing processes in
the ladle was carried out.
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