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NMPOBJEMbBI YKCIIJIYATALIMU BOAOOXJIAKIAEMBIX
JEMEHTOB JYT'OBbIX CTAJIETNJIABU/IbHBIX NEYER
BbICOKOW MOLHOCTH

PaccmoTpensl (hakTophl, OKa3bIBAIONINE BIHAHHE HA TEMAOBYIO paboTy BOAOOXTaK-
JacMbIX MIEMEHTOB AYTOBRIX CTAJTENNABHIBHBIX neveil BBICOKOH MOIHOCTH, B YACTHOCTH
pagHalHOHHAA H KOHBCKTHBHAH COCTABNMAIOIIME Nagalolero TENIOBOro MNoToKa, HaTHYHE
rapHHCcaMa H Cod OTIOKEHWH Ha Pﬂ'ﬁﬁ'—lﬁﬁ H oXnmaxaaeMoi MOBEPXHOCTAX, TENMNNOTA KOHOEH-
canuu xkenesa. Caenan BBIBOI O PA3BHTHH ABITEHHA MaTOIHKTOBOMH YCTanoCTH MpH IKCTLTYa-
TallHH BOJTOOXNAKTACMEIX 2MEMEHTOR H JaHbl pPEKOMEHIAIIHH O YBETHYEHHIO HX CTOWKOCTH.

AYTroBas cTajnenJaBsHabHad ne'b, BOA0OXJIAKIEHHE, TEMI0BOH NOTOK

B ayrobix ctanennaBuibHbix niedax (JICIT) Beicoko#d MOLIHOCTH 3a MO-
clie/lHHe JiBa JIECATUIIETUS BOAOOXJIaxnaeMmbie dieMenTsl (BD) cten u csona
CTa/li HEOTBEMIIEMOH YacThIO 000pY/I0BaHKA W SHEproTexHosorui. B peiato-
el CTerneHH 3TOMY ClocoOCTBOBANO pa3BUTHE MHTEHCHMBHON TEXHOJIOTHH
[JIaBKH C JIOBOJIKOH MeTalljla B yCTaHOBKe revb-koBLl U npespaiienne JICIT B
MaBHJIbHBIK arperat [Jisi NPOM3BOACTBA noynpoaykra. CokpallieHue iu-
TeNbHOCTH JKHMIKOI0 IEPHOJA MJIABKU CYLLUECTBEHHO MMOBLICH/IO MO3UTHUBHOE M
HHMBEJIMPOBAJIO HeraTMBHOE BiMsgHMe BD Ha TexHHKO-3KOHOMMYECKHE MOKa3a-
TN paboTel Meyu.

Poct BBOAMMOH B mneyb yAeNbHOH 3JEKTPHYECKOH MOIUHOCTH [0
[...1,5SMBT1/T Hapsny ¢ ucronb30BaHueM aibTEPHATHBHBIX HCTOYHHKOB 3HEp-
FHH TPUBEJIM K MOBbILIEHHIO 0TKa30B B pabote BO. IMomumo mpoxoros Bro-
PHYHBIMH 3JIEKTPHYECKUMH AYraMH, YTO B 3HAYWTEJbHOH CTENEHH ABIAETCH
Clly4alHbIM (aKTOPOM, 3aBHCALIMM OT Ka4yecTBa, pa3Mepa KYCKOB H Pacrolio-
KEHHsl B NEYH METANIOLIMXThI, BO3HHKAIOT MPOGJIEMbl, BbI3BAHHbIE [IUTENb-
HbIM MEperpeBoM HapyxkHoi nosepxuoctu B3 [1].

Jlist ananusa NpMYMH TOrO SBIEHUS PacCMOTPHM [peaeJibHbIE YCIOBUA
kcilyataunn B3. O6iienpuusaTeiv ABjsieTcs NpUMEHeHHe TpyOuaThix aJie-
MeHTOB u3 ctanu 10, 20 umu 20K. Harpee Boabl B KouType oxnaxaenus B,
KaK MpaBuiio, orpaiuyuBaiot temmneparypoii 50...55°C, uro IPH HMCI0JIb30Ba-
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HuM 0DOPOTHOTO IMKIIA BOAOCHAOXKEHHS MPEJOTBPALIAET BbllIaeHHE coJieit
| JKeCTKOCTH Ha BHYTPEHHEH MOBEpXHOCTH TpyOBl M yXyJlLEHHEe YCI0BUH Teio-
| mepefauH. YCTOHYMBAs TeIUioBas pabora BD pocturaercs oTBOAOM INPOXOasi-
[ero TEerioBOro MNOTOKA LUPKYJIMPYIOLIEH ¢ pacyeTHON CKOpPOCTbIO BOJOi Oe3
CYLIECTBEHHOTO IMEpErpesa Hapy»XHOH, obpaienHoi B paboyee mMpocTpaHCTBO
[euH, MOBEPXHOCTH TPYOBI, a TaK)Ke CaMOH BO/IbI.

CKOpOCTh LMPKYJISILMK BOJIBI B KOHTYPE OXJIaXIEHHA (Tpybe) BD (w,
M/C) PACCUMTHIBAETCA W3 KPUTEPHAILHOTO YpaBHEHWsl KOHBEKTHBHOIO TEIIO-
obMeHa Mek/y CTEHKOH TpyObl U BOJOM:

% ol i a-dl A, }1'25
| “d | 0.021-Pr"® (1),

koTopoe umeeT BuA [2]:

Nu=0,021-Re"" Pr’®

(2),
e V=@ d)/A  gycno Hyccenbra;
Re=(w-d)/V  gycno Peiinonbaca;
Pr=(p-c-v)/A

yucno [lpanaris;
@ - K03hhULUHMEHT TEMIIOOTAAYH OT CTEHKH TPYObI K BOJIE, Br/(m°K);
d - BHYTpeHHHH aHameTp TpyObl, M;
As - K03 duiHenT TeronpoBoAHocTH Boibl, BT/(MK);
W — CKOpOCTh BOJIbI B TpyOe, M/c;
| Y - KUHEMATHYeCKas BA3KOCTb BOJbI, M'/C;
p - IUIOTHOCTh BOJBI, KI/M;

i ¢ - remnoemkocth Boabl, Jhx/(kr'K).

TemnepaTypa Hapy»HOW MoBepXHOCTH TPYObI (7;) onpeaensercs TEIIO-
nepefayeii u3 pabouero MpOCTPAHCTBA Me4d K BOJE Yepe3 MHOroCIOHHYIO
CTeHKY (puc.l).

=k



Fhag|

Pacuer t; uenecmﬁpmo
skcryaraunn BD: B KuaKui m

HUS W3Iydenus) W [pH OTCYTCTBUM rapHu
Ha npakTHke Takue cliydan UMEIOT MECTO Nepue
CKM paBHOBecHbIi cJioif rapuucaxa GuicTpo (3a l...2 m)
pe3KOro CHWKEHUS TEIIOOTBOAA MPH BOIHHKHOBEHHH m i
Iy HUM M Tpy6oii, a HOBBIH CIOH rapHHcaxa HapacTaer Juilb 3a il.

t—t+( b+ )

rae Ay, A — ko3 puLmMenT TernionpoBogHOCTH ’l'p}fﬁbl U CII0 OTJIOWEeHHH Ha
OXJIaK1aEMO# BOJIOH MoBepXHOCTH cooTBeTcTBeHHO, BT/(MK);
h, b — Tonuna crenku TpyObl U OTIOKEHHH COOTBETCTBEHHO, M.

1. Tlpoxoasiuii k Bojie TEMNI0BOH NOTOK — cloXkHas GYHKLUA NapaMeTpos
4 4
QIZU'E'Q'(TH _Tz ) (5)

rae o — nocrosnnas Credana-Bosnsumana, Br/(m*K?):
€ — cTeneHb YepHOThI W3JyYalOLIeld OBEPXHOCTH BaHHbI;
@ — yriioBol Koa(h(uLMeHT B3aMMHOM 00J1y4eHHOCTH;
Ty, T, — Temneparypa BaHHbl M noBepxnoctu BD coorsercrenno, K.

[lpunss s xuakoro umaka €= 0,55 [2], Tx= 1880K, 7,=700K u
3a1aBiMch = 0,35 Kak OTHOLIEHHEM [TOBEPXHOCTH BaHHbI K 061 _
MOBEPXHOCTH CTEH W CBOJA Neyu, noiayuum q; =240 kBr/m” !

2. KouBekTHBHas cocTaBisiouas (q,), cBi3aHHas ¢ Bo3jeiicteuem Ha B
BBICOKOCKOPOCTHOIO I1b1JIEra30B0ro notoka. OpuUeHTHpysch HA JaHHBIE |
[4], Benuuuny > MoxHo npunats 70...80 kBr/m” '
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.~ 3. TemnjioTa KOHAESHCALMM MApPOB JKeje€3a, MCMapsAloLIerocs B 30HE Ayr, Ha
nosepxHocTi BD. DTOT (akTop B aHanm3e TeMIoBoH paborsl BO panee
He paccmarpuBalcs. Bmecte ¢ TeM, oleHKa CKOPOCTH MCIapeHus JKenesa
s 100-1 JICIT BeicOK0# MOLIHOCTH B 2,5 KI/c [5] AaeT ocHOBaHHE MoJia-
rarth, 4TO gaxe TpH 5%-HOM HMCTIONb30BaHHU TeIJIOThl KOHACHCALMHU JKe-
ne3a Ha BD (6,27 M]Dx/Kr), HanpuMep B ra300TBOISILEM CBOJOBOM Mat-
pyOKe, NONOJHMTENbHAs TENUIoBas Harpy3ka coctaBuT g =50...65

KBTHMZ_
b
{1
Bopna
Pabouee
NPOCTPaHCTBO
pocTp t3
t4

2 8

Pucynok | — PacyeTHas cxema rennonepeiaiu 4epes BOI0OXJIa% 1aEMbIH
snemeHT. |- rapuucax, 2- ctenka TpyOsl BD, 3- cioit omIoKeHHH HAa OXJIax-
faeMoii BOJOM MOBEPXHOCTH, (- TEIIOBOH IMOTOK, NMPOXOJALIMH K BOIE.

Takum 06pazom, oO11ast TEMIOBas HArpy3ka (MPOXOMSLIMI K BOJE TEILIO-
BOM notox) Ha BD npu nebnaronpusitaeix yenosusx B 100...150 T JICIT Beico-
KOM MOHIHOCTH MOJKET JOCTHIATh!

4=q:+q>+q:=360...385 kB1/M".

[To naHHBIM NpsMbIX M3MepeHud [6], BeaM4YHHA NPOXOAAILEro Yepes BD
TemioBoro noroka B 150-1 maxtHoi JICII BEICOKOH MOLHOCTH, HCII0JIL3YOLIEH
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HHTEHCHBHYIO TEXHOJIOTHIO, [

kBT/M’, 4TO COOTBETCTBYET ﬁamn'm( oL

Tennnnpomnuucm Pacqeman 3aBHCHMOCTb TEMIIE]J&W
yeii) nosepxHocTH B OT TOJILMHEI CIIOA OTJIOXKEHHH Ha €ro
BEPXHOCTH NpPH HaiiIeHHOH OLIEHKe TEIIOBOro MOTOKA IPHBE]
IMosyueHible JaHHble CYUIECTBEHHO 3aBHCAT OT Koadduumenta e
HocTH otioxkenud (A), BeJMYMHA KOTOPOro MOXKET OTJIH4YAThCS Ha 10ps
[7.8]. patH

Tennosoil NOTOK, NPOXO/ALIMHA Yepe3 cTeHKy Tpybsl BO, co3naer B Hel
nepenan TeMieparypbl, KOTOPbIii BEJET K BO3HHKHOBEHHIO TEPMHYECKHX Ha-
npsxeHnii. Pacuet nanpsxenui B crenke Tpyosl BD Beinosnsen ¢ MCMOJIB30Ba-
nuem metoauku [9]. Yrobbl onpeaenuTs 3anac NnpoYyHOCTH M TEM CaMbiM JAaTh
OLIEHKY ONAacHOCTH [AaHHOIO COCTOAHMA, MOJIYYEHHOE 3HAYEHHE HaNpsHKeHHH
HeoOX0MMO CONOCTABUTL € KPUTHYECKOH BEJIMMHHOM 3TOro napamerpa. B ka-
YeCTBE MMOC/IEHEr0 B TEXHHYECKHX pacyeTax NpHHATO MCIO/b30BaTh XapaKTe-
PHCTHKY «Ipeliel TeKyuecTH» Gpy — HalpaKeHHe, Bbi3bIBAIOILEE OCTATOYHYIO
nedopmaumio, panyio 0,2% ot pasmepa obpa3sua i H3AETHA.

b, Mm

Pucynok 2 - 3asucumocts temneparypsl paboueii nosepxnoct BD (1)
OT TOMIMHBL OTIOXKEHHH HA OXJIOKAAEMOH nosepxHocTH (b) M MX Temionpo- |
soanocTH (A, Br/(MmK)).

Ha puc. 3 conocrasiiensl pacueribie TepMUuecKkHe Hanpskenns () B
crenxe 1pybs BY) (O89x10mMm) v cripasounbie ganusie 1o O); B 3JABHCHMOCTH
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oT Temmepatypbl paboyel MOBEPXHOCTH Ul HCMONb3YEMBIX B KOHCTPYKIMSAX
BD marepuainos: cranb 20 u crans 10. CormacHo pacieraM, TEPMUHYECKHE Ha-
npsOKeHKsl B CTEHKE TPyObl ZOCTHIAlOT MNpejieNa TeKy4EeCTH NpH TeMmileparype
crenky okono 500°C st cramu 10 u npu Temmeparype OKolio 600°C s cranu
20 (touxu mepeceuyeHus KpuBbIX). COOTBETCTBEHHO, MPH YKa3aHHBIX TeMIlepa-
Typax Kod((hUUMEHT 3anaca IPOYHOCTH NPHHMMAET 3HAYEHHE, paBHOE 1 u 3kc-
fIyaTalMoHHas HaJeXHOCTh BD pe3ko nanaer. :

Kak oTMe4eHo Bbille, Temiepatypa paboueii nosepxnoctd BD onpenens-
e10si PH AAHHOM TEIIOBOM MOTOKE M KOHCTpYKUMU BD HaniuueMm u cBOHCTBA-
MH OTJIOMKEHHMI HA OXIaXnaeMoit moBepxHocTH (puc.2). OprHeHTHpYsCh Ha Ter-
JNOAPOBOAHOCTE OTJIOXNEHHH OKCHJIOB JKejle3a 4=0,25...0,6 Br/(MK), cnenyer
OHMIATE, YTO MPH TOJLLMHE CJION OTIOXEHHH okono 1MM Temneparypa pabo-
yeii mosepxHocty BO mpessicut 700. ..800°C (puc.1).

[{uknuunocth meperpeBa BD, cBsA3aHHas ¢ TENIOCMEHaMH IpH pabore
[ieuu, CIIOCODCTBYET PasBMTHIO ABICHHS MalOLMKI0BOH ycraiocTd. Ha nmpakTi-
ke 3T0 mposiBIseTca B 06pasoBanuy TpelH BD H cOOTBETCTBEHHO TeUeH BOJbI
[ocjie HeCKOJIbKMX Thicad HUMKIOB (1...3 Thic. MJIABOK C Y4€TOM HECKOJbKHX
OABAJIOK IIMXThI) BMECTO HECKOJLKHMX AECATKOB ThICSY LIMKJIOB IPHU IKCIUIya-
Tann BD 0e3 neperpesa.
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Pucynok 3 — 3aBUCHMOCTE Mpeaenia TeKy4ecTH Goy (JMHHU C MapKepamu)
M BOZHMKAIOLIMX B CTEHKE TPYObl HANpshkeHuH (JIMHHKM 0€3 MapKepoB) OT TeM-
TIEPaTypbl MOBEPXHOCTH TPYOBI ANg Marepuanos: ctaib 10 u cralib 20.
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Haubonee aocTynH
B? 8 JICII BbICOKOH MOLIHC
HO#l TONMHOM cTeHKH. DaAKTO
BHUSIX MOBbILLAET Hpe,nenhﬂmﬁi : T
Hble TEPMUUECKHE HATpKEHUsA (mﬂiﬁ}?‘# i
BHHMaHHE UCKIIOYEHHIO NPHYHH feperpeBa ps
nonoaroroske. Heobxoaumo npuHsaTh MEPHI JJIA
Bo3jeiicTBHS Boabl, kak npeanucsizaer CHull 2.0 R4 «l
HapyKHble ceTH u coopyxenusy. Haubonee 34?@5#&% :
KOPPO3HH JIOJDKEH ONPEAeNAThCA B KaX10M KﬂHK‘pE‘ﬁ‘iﬂﬁ.”
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Pucynok 4 — 3aBHCHMOCTb NpeJIE/IbHOIO TENJIOBOTO 1M0TOKa K Boze (q*)
oT ToawmHel cteHkd Tpyost BD (h) npu temnepatype paGoueit nosepxHocTH
Tpy6si (cTans 20) 400°C.

Takum oOpasom, HcclieioBaHHE YCIIOBHI IKCIUTyaTallMH BOLOOXJIaKlae-
MbIX sieMeHTOB JICT] BLICOKOH MOLUHOCTH BbISABHJIO OCHOBHBIE (haKTOpBI, ONpe-
Ae/IAIOUME MX TEIUIOBYIO HArpy3Ky, KoTtopas moxer jpocturate 360...385
kB1/™". Dkeruiyarauns B PH HAJIHYHH CJIOSA [POJYKTOB KOPPO3HH HA BHYT-
peHleH noBepxHOCTH TPYO BeseT K neperpeBy ux paboueii nosepxuoctu. [pu
ITOM B CTeHKE TPYObl BO3HMKAIOT OIacHbIe TEPMHYECKHE HAINPSKEHHSA, NIPEBbI-
LIAKOLHE Npe/le)l TEKYUECTH MaTepHaa TpyObl U BelyLHe K Pa3BHTHIO ABJICHHS
MAIOUHKIOBOH ycTanocTH. B koneuynom cuere, 310 cnocoGersyer GbicTpoMy
paspylieHHio H Beixoay B w3 ctpos B Teuenue 1...3 Thic. nuasok.

Mepamu roBbILIEHHS CTORKOCTH M IKCIUIyaTaLMOHHON Hagexknoctn BD
ABIAIOTCH HCIOJIb30BaHKue TPYOBl ¢ MeHbLUeH TONMHON cTenkH (6...8 MM BMe-

cro 10, 14MM) U yayulienue BOLONOANOTOBKH JUIA HCKJIIOYEHHS KOPPO3IHOH-
HOTO BO3AEeHCTBHA BOALI Ha BD.
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Tpo6aemn excnayarauii Bogooxodomxye- Problems of Water-Cooled Elements Op-
MHX eJeMeHTIE AyroBux crajeniaBmib- eration in Ultra-High Powered Electric
HIX miteil BHcokol moTy:xkHocTi. Posrnsmy-  Arc Furnaces. The factors of water-cooled
T0 ()aKTOpH, AKI BUHBAIOTE Ha TEIioBy po- clements operation in ultra-high powered
bory Bopooxonomxyemux enementis JICII. EAF are considered.

dy20ea cmanennasuasHa niv, 60000X0N0- EAF, water-cooling, heat transfer
ONCEHHA, mennoeuil nonix
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