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Annomayus. Ipenyoxern MeXaHu3M, OObSCHSIOIINN BBICOKOE 3HAUCHHE KO HUIMEHTa Terionepeady npu yCKOPEHHOM OXJIKIAeHHU npokara. [Ipu
CKOPOCTAX 00JIbIlIE KPHTUUECKOH BOSHHKAET HeyCcTONUMBOCTh KenbBrHa—I enbMrosbla B HAaHOUANA30HE, YTO IIPUBOAUT K (JOPMHUPOBAHHIO HAHOKA-
nenb. OXakIeHHe BEAETCS C OMOLIBIO HAaHOKAIEIb, IBHKYIIMXCS YePEe3 TAKYI0 ITapOBYIO IUICHKY. DTO M03BOJISIET IPU MOJICITUPOBAHUH CTPYKTYP-
HO-()a30BBIX IIPEBPALICHHI HCIIOIE30BaTh KO3((HUINEHT TEILIONepeadt, PACCYHTAHHEII 110 (hopMyIie, B KOTOPOI yYUTHIBACTCS TEIIONPOBOXHOCTD
BOJbI. BTOpast posb HaHOKameNb COCTOUT B TEHEPALUK TEINIOBOTO YIapa, 33 CYET KOTOPOro (OpMHUPYIOTCS MOLIHbIE TEPMOYNpYrue BoiHbL. Poib
YIPYTHX BOJH 3aKJIIOYACTCS B MOBBIIICHUY yIApHOW BS3KOCTH, TaK KaK BOSHHUKIINME HA MEPBOM CTAJNM OXJIQKACHMS TPEIIMHBI B HOCICTYIONINX
CEKILMSAX NP B3aUMOZICHCTBUH YIIPYTOH BOJIHBI CO CBOOOIHBIMU OeperaMu TPELHH 3aXJIONbIBAIOTCSL.
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B moToke HempepBIBHEIX CTAHOB OJHHUM W3 Hambolee
MIPOrPECCUBHBIX TEXHOJOTHYECKUX MPOLEccoB, obecre-
YUBAIONINX CYIIECTBEHHOC ITOBBIIICHHEC MEXaHHYECKUX
U JKCIUTYaTallMOHHBIX CBOMCTB apMaTyphl, SIBISCTCS TEp-
MoymnpodHeHue npokara [1 — 5]. Jlnsg pa3paOoTKu ONTH-
MaJBHBIX PEXHMOB TEPMOYIPOUYHCHHS W IICJICHAIIPaB-
JICHHOTO YIPABJICHUS JKCILTYyaTallHOHHBIMH CBOWCTBAMHU
HE00X0MMO YCTaHOBJICHUE CBSI3U MEXKY paclpeaencHu-
€M TeMIIepaTyp MO CCUCHHIO IPOKATa U 00Pa3yIONIMHCS
CTPYKTYPHO-(}a30BbIMH COCTOAHUAMHU. [y 3TOrO Tpeldy-
eTCsI peIICHHE 3a/1a9H TETIIOMPOBOIHOCTH C TPAaHUIHBIMHA
YCIIOBUSIMH, OTPa)KaIOIUMH XapaKTep TEILIOOTBOMAA MPH
OTpE/ICICHHON TEXHOJIOTHYecKoil cxeme. Takod moaxon
OBLIT UCIOJIE30BaH MPH MOJCIUPOBAHUH OXJIAXKICHUSI ap-
MaTypel M ONPEACICHHUS CTPYKTYPHO-(Pa30BBIX COCTOS-
Huil [1] 1 HeJaBHO peaim30BaH Uil MPOKaTa CIOKHOTO
npodus [6].

XapakTep TeIUI00TBOAa onpeaensercs kodhduuueH-
TOM TEIUIOTIEPEAAdH, TO €CTh YCPEAHEHHBIM TETITIOBBIM TI0-
TOKOM Ha Ka)KIIOM y4YacTKE B OIMPEACICHHBIN MPOMEKYTOK
BPECMCHHM; €r0 YHCICHHOC 3HAUCHHUE BBIOMPACTCS U3 HEKO-
TOpPOTO AMAara3oHa 3HAUE€HUH, TPaHUIBI KOTOPOTO ONpese-
JICHBI U3 YCJIOBHUS, YTO Ha TOPSYMI MPOKAT MaJA0T KaIlIH
Bonbl. OKOHYATENbHOE 3HA4YeHUE KOA(PQHIKEHTa TEerio-
nepeiady BEIOMpaeTcss TakuM 00pa3oM, 4TOOBI pacyeTHOE

* PaboTa BBIIOJIHEHA IPK YaCTHYHON (PUHAHCOBOMN MOIEPIKKE IPaH-
Ta PODU Ne 16-48-420530.

3HAUCHHUE TEMIICPATyphl KOHIA OXJIAXKACHHS COBIAJANO C
U3MCPCHHOW TEeMIIepaTypoil Ha XOJNOMWIbHHKE. YwncieH-
HbIC 3HAYCHNUS KOO(PULMEHTA TEIUIOOTAAYH O, B CEKLIMAX
OXJTKACHUS (IBMKYINAsiCS BOJAA) HAXOMATCS B Ipeesiax
38 — 115 kB1/(M?'K). ComiacHO CIIpaBOYHBIM JAHHBIM KO-
5 (UIMEHT TEMIOOTAa4H 0., KHUMAIIAs BOAa (HEMOABHK-
Hast BOJ[a) — METAUTMYCCKAsl CTEHKA HAXOIUTCS B TIpeiesiax
3,5 - 5,8 kBr/(M?>-K) [7]. Takoe pasznuuue 3HaueHHH o, H
0 MOXHO OOBSCHHMTBH TEM, YTO B HEMOIBUKHOM CHCTEME
KUISIIas BoJa — TOpsYMii MeTaiwl o0pasyercsl mapoBas
IUTCHKA, KOTOpasi pe3Ko CHIDKAeT Tertonepenady. Ho mpu
TEPMOYIIPOYHEHUH MpPOKaTa MPOLECC CTAHOBUTCS YCTOM-
YHUBBIM, €CIIM IPUHATH, YTO TTAPOBasi TUICHKA TPOOMBACTCS
KaTUISIMH JKAIKOCTH.

JleficTBUTENBHO, B pe3yabTaTe 3KCIIEpUMEHTOB [8] ¢ 1o-
Jayeil Bobl Ha ropsAyee U3JeNIUe C Pa3HbIMU CKOPOCTIMHU
OBUTO YCTAHOBJICHO, YTO, HAUMHAS CO CKOPOCTU HE MCHEE
12 m/c, oOpazoBaHMs TapOBOM IUICHKH HE MPOHCXOIUT.
B ycnoBHsSIX MpOKAaTHOTO CTaHa 3TO COOTBETCTBYET ITOAYe
BOJIbI B OXJIXKAAIOLIEE YCTPOMCTBO MO/ JaBIEHUEM HE Me-
Hee 20 aTM., 4TO B HECKOJIBKO pa3 OoJIbIIe, YeM UCIIONIb30-
BaJIOCH paHee. KpoMe TOro, BBISIBICH BaXKHBIH MapamMeTp —
OTHOCHTEJBbHASI CKOPOCTH BOJIBI TI0 OTHOIIICHHIO K TIPOKATY,
KOTOpasi ONpeAessieT CKOPOCTh OXJIaXACHUS, MPSIMOIHHEH-
HOCTb W THAPOTPAHCIIOPTHPOBAHUE ITPOKATA.

B HacTosimed paboTe mpeiiaractcsi HOBBIH MEXaHH3M
oxnaxkaenus. [lpu crammoHapHOM Iepenane TeMIepaTryp
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1000 °C »3ra mueHka NOABISIETCSA, HO 4epe3 ITYy ILICHKY
IBIDKYTCS KaIlI, KOTOPBIE (OPMHUPYIOTCS 3a CUET pa3BH-
THUsI HEYCTOHUMBOCTH Ha IpaHuIle Tap — Boga. Ha rpanure
pasnena pa3BuBaeTcsl HeycTOHYMBOCTh KenbBruHa—[enpm-
TONbI[a B HAHO- U MHKPOPA3MEPHOM JAMANa30HE IJIHH
BoiH [9]. Cuuraercs, 4To UTMHA BOJHBI MaKCHMaJIbHOM
HEYCTOMYMBOCTH OMpEACsieT pa3Mep Kameldb. 3HAUUT,
00pa3yroTcs Kaluli HaHOpa3Mepa; C WX MOMOIIBI0 MPoOH-
BaeTCsl MapoBOM CJIOW U MOATOMY MPOUCXOAUT KaresbHOE
OXJIaKICHHE.

Bpems Bo3znelicTBUA KaIlld Ha JKECTKYIO IOBEPXHOCTh
MOKHO OLEHUTH 1o 3Hauenuto d/c ~ 107" ¢ (rme d — oma-
METp KaIUuld; ¢ — CKOPOCTh 3ByKa). [Ipu TakoM 3HaueHHM
BPEMEHHU BO3IEHCTBHSI KAaIUTH IPOUCXOIUT TEPMOyIap, re-
Hepupytomui ynpyryio BoaHy [10]. Pons ynpyrux Boin
3aKJII0YAETCS] B MOBBIIMICHNH YIApPHOH BSI3KOCTH, TaK Kak
BO3HUKINNE Ha MEPBON CTaJANU OXJIAXKJCHHUS TPCILUHBI B
MTOCIIEAYIOMNX CEKIUSIX MPH B3aUMOACUCTBUH YIIPYTOM
BOJIHBI CO CBOOOHBIMU OeperaMu TPELUH 3aXI0IbIBAIOT-
cs1. Pe3ynbraTsl BiccienoBaHui, MPUBEICHHBIE B MOHOTPa-
¢un [11], cBUAETENBCTBYIOT 00 YCHEIIHOM MPUMEHEHUU
Pa3IUYHOrO poJia BO3ACHCTBUN C IEIBIO TOPMOXKEHUS U
OCTaHOBKHM paspylueHus. B paborte [12] ycraHoBieHa
BO3MOKHOCTB 3aKPBITHS TPEIIMH MPH HMITYIBCHBIX Ha-
rpy3KaxX, COOTBETCTBYIOUIUX OONACTH JIMHEHHO-yIpyrux
nedopManuii Marepuana.

Boi6oowt. Ilpu ckopocTsax Oombllle KPUTHUECKONH BO3-
HUKaeT HeycToiunBocTh KempBuHa—[ eqpMronsna B HaHO-
JMara3oHe, YTO MPUBOAUT K (DOPMHUPOBAHUIO HAHOKAICIb.
OxutakIeHne MPOMCXOAUT C TOMOIIIBIO HAHOKATIeTh, ABXKY-
IIUXCS Yepe3 TaKylo MapoBYIO IUIEHKY, YTO MO3BOJISIET MPH
MOZCINPOBAHUH CTPYKTYPHO-(A30BBIX IMPEBPAIICHIHA HC-
M0JIb30BaTh KOA(D(UIMEHT Terutonepeaun, pacCUNTaHHbIH
mo ¢opmyse, B KOTOPOH YUHTHIBACTCS TEILIOMPOBOTHOCTD
BOZBL. BTOpast posk HaHOKAMeIh COCTOUT B TEHEPAIUU Te-
IUTOBOTO yIapa, 3a C4eT KOTOpOro (pOPMHUPYIOTCS MOIIHEIC
TEpMOYNpyTue BOIHBL. Poib ympyrux BOJH 3aKIIOYAETCS
B TIOBBIIICHUH yIAPHON BSI3KOCTH, TaK KaK BO3ZHHKIINE Ha
MEpBON CTAAUM OXJIAKACHHUS TPELIMHBI B IOCICTYIOMINX

CEeKIUSX MPH B3aMMOJICHCTBUU YIIPYTOW BOJHBI CO CBOOOI-
HBIMH OeperamMu TPEIIuH 3aXJIOTBIBAIOTCSI.
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ON ACCELERATED COOLING MECHANISMS IN THERMAL HARDENING OF ROLLED METAL

V.D. Sarychev, S.A. Nevskii, A.V. IlI’yashchenko
Siberian State Industrial University, Novokuznetsk, Russia

Abstract. A mechanism is proposed that explains high value of heat
transfer coefficient for accelerated cooling of rolled products.
Atvelocities greater than the critical value, the Kelvin-Helmholtz
instability arises in nanoscale, which leads to formation of nano-
droplets. Cooling is carried out with the help of nanotubes moving
through such a vapor film. This allows using the coefficient of heat
transfer calculated by the formula in which thermal conductivity of
water is taken into account when modeling structural-phase trans-
formations. The second role of nanodrops is to generate a thermal
shock, due to which powerful thermoelastic waves are formed.

1006

The role of elastic waves is to increase the toughness, since the
cracks that appear in the first cooling stage in subsequent sections
when the elastic wave interacts with the free shores of the cracks,
collapse.
Keywords: accelerated cooling of rolled products, heat transfer coefficient,
Kelvin-Helmholtz instability, nanodrops, thermal shock.
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